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EXECUTIVE SUMMARY

This project analyzes in greater detail the coded-wire-tag (CWT) returns of Priest Rapids

Hatchery fall chinook for the years 1976-1989 initially begun by Hilbom et al. (1993a). These

additional analyses were prompted by suggestions made by peer reviews of the initial draft report.

The initial draft and the peer review comments are included in this final report (Appendices A and

B).

The statistical analyses paired Priest Rapids stock with potential downriver reference

stocks to isolate in-river survival rates. Thirty-three potential reference stocks were initially exam-

ined for similar ocean recovery rates; the five stocks with the most similar recovery patterns (i.e.,

Bonneville Brights, Cowlitz,  Gray’s River, Tanner Creek, and Washougal)  to the Priest Rapids

stock were used in the subsequent analysis of in-river survival. Three alternate forms of multiple

regression models were used to investigate the relationship between predicted in-river suwival

and ambient conditions. Axilyses were conducted with and without attempts to adjust for smelt

transportation at McNruy Dam. Independent variables examined in the analysis included river

flows, temperature, turbidity, and spill along with the total biomass of hatchery releases in the

Columbia-Snake River Basin.

Chi-square  tests of homogeneity found highly significant (P << 0.001) differences in

ocean recovery patterns between the Priest Rapids stock and the five best candidate downriver ref-

erence stocks identified by cluster analyses. Consequently, CWT returns were potentially con-

founded by unequal harvest rates when dowmiver stocks were used as references for the Priest

Rapids Hatchery. Without information on harvest efforts, adjustments in CWT return numbers me

impractical. Nonetheless, the anal yses continued to use the five candidate reference stocks and

assess the robustness of conclusions based on choice of references.

Results of the multiple regression analysis in this final report differ from the preliminary

results of the earlier Hilbom et al. ( 1993b) draft report. Reasons for the differences include:

(1) new and updated CWT data from Pacific States Marine Fisheries Commission (PSMFC);
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(2) the earlier analysis only considered flow as an independent variable, the new analysis consid-

ers several other variables as well as flow; (3) the earlier report did not attempt to adjust for trans-

portation removal of Priest Rapids stock at McNary Dam, this report examines transportation

adjusted counts; (4) the earlier repoti did not evaluate the robustness of the conclusion based on

choice of reference stock, this new analysis assesses the consequence of reference choice. These

differences are viewed as natural outcomes of a more detailed analysis the preliminary report was

not intended to provide.

Estimated survival-covariate  relationships differed slightly depending on whether the

dependent variable used was the observed (expanded) CWT counts or the VPA estimated survival

rates. In both cases, the results differed from the multiple regression model initially suggested by

Hilbom  et al. ( 1993 b). The findings varied Iittle whether or not adjustments were made for trans-

portation. Crucial, however, was the choice of reference hatchery used in the analysis. Results var-

ied widely in the multiple regression analyses, dependent on choice of downriver reference stock

or stocks (multiple regression model using a group of down-river stocks, as suggested by the Hil-

born et al. draft (1993b)). Using the Cowlitz Hatchery stock as the downriver reference, none of

the independent variables were correlated with estimates of adult survival of the Priest Rapids

stock. With the other reference stocks, 2-5 independent variables were found to be correlated with

estimated adult survival. All independent variables (i.e., flow, temperature, turbidity, spill, and

hatchery contribution) were found to be significant in one or more analyses. Furthermore, no con-

sistent pattern for the significance of the independent variables appeared across analyses that

would suggest one factor was more influential than another.

This analysis of the 24 years of Priest Rapids hatchery returns yielded little insight into

key in-river factors that may be influencing hatchery return rates. It may be possible to select a

reference stock to yield any predictive multiple regression model desired. Hence, this investiga-

tive approach is not robust or reliable in identifying key mechanisms tiecting  survival of upriver

smelt from release to age 2 or returning adult. Further studies should take this sensitivity into

account when designing or analyzing other upstream-downstream paired investigations.



PREFACE

The focus of this effort was to develop a valid statistical framework to estimate adult sur-

vival rates from currently available Columbia River data and then through a multivariate regres-

sion analysis, explore interrelationships between these survival rates and environmental factors

that affect smelt survival. Key to this approach was the recognition that many variables interact to

determine the success of a juvenile outmigration  and the ultimate adult returns. Phase I concen-

trated on developing methods and assembling the coded-wire-tag (CWT) data. A Phase I report

covered the development and evaluation of two methods to estimate survival and presented crit-

eria for data selection (Hilborn  et al. 1993a). Under Phase II, a multivariate  analysis of the Priest

Rapids fall chinook stock was performed to investigate the relation of in-river factors to the

observed juvenile survival rates.

The first draft of a Phase II report (Hilborn  et al. 1993b) was titled, “The relationship

between river flow and survival for Columbia River chinook salmon,” and was found by the

reviewers to be too narrow in scope. In response to those comments, the following report has been

prepared. This report addresses most of the issues raised by the reviewers where data and statisti-

cal technique allowed. In addition to the independent variable flow, we included turbidity, temper-

ature, spill, transportation, and total smelt release in the analysis.

By its very nature, the coded-wire-tag database undergoes change on at least an annual

basis and occasionally more often. In preparing for the reanalyses, we found that the Oregon

Department of Fish and Wddlife  had recalculated the way sampling fractions were determined,

which resulted in substantial changes to the expansion factor for many of the Oregon recoveries.

In addition, other states and British Columbia made smaller, but nonetheless significant, changes

to the historical data base. We delayed analysis until revisions were completed and the latest

recovery data through the 1994 fishing season were available. For these reasons alone, the results

were expected to differ from those of the earlier draft.

In response to the reviewers’ comments, we decided to take the same conceptual approach
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to the analysis that had been taken earlier, but with increased depth. For example, we used the

results of cluster analysis to locate those stocks with the most similar ocean catch distributions to

the Priest Rapids stock, but we also performed statistical comparisons between the chosen refer-

ence stocks and the experimental stock (Priest Rapids hatchery). Our use of stocks at, or below,

Bonneville Dam as references to the Priest Rapids stock was an attempt to control for ocean

effects, but no reference stock was found to have homogeneous ocean recoveries with the Priest

Rapids stock.

shown

Unlike the previous draft, temperature, turbidity and the biomass of hatchery releases were

to have the most consistent statistical relationships with survival, while flow was only

occasionally significant. The reader should note that a study such as this one is based on statistical

correlations and not cause-and-effect. This study should not be construed as a traditional experi-

ment where there is an experimental group and a control group, differing only in a specific vari-

able. The results do, however, shed light on probable relationships between smelt survival and in-

river variables that we would recommend be the subject of future controlled experiments.

Appendix A contains the original draft of the research report prepared by Hilborn  et al.

(1993 b). Appendix B contains the peer review comments submitted in response to the original

(HiIbom et al. 1993b) report and were the basis for this subsequent reanalysis. Some reviewers

chose to make their comments in the draft copies of the text. To avoid a very large appendix, cop-

ies of their comments were not included in this report. Appendix K contains the peer review com-

ments and responses to those comments for this version of the report.

Two important papers, “Return to the River . ..” (Independent Scientific Group 1996) and

“Plan for analyzing and testing hypothesis (PATH)...” (Marmorek  et al. 1996), have become avail-

able just prior to the publication of this report. Though both of these reports contain some similar

topics, findings presented in this paper were considered unique and important.
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1. INTRODUCTION

1.1 Background

Columbia River salmon have been fished for perhaps thousands of years. With the arrival

of European settlers, the magnitude of the exploitation increased dramatically. At its peak, the

catch of Columbia River salmon was in excess of 6 million fish from five species (Chapman

1986). The peak catches for each species occurred at different times over a period of about 30

years, centered around the 1890’s. Chapman (1986) estimated that total return, catch, and escape-

ment to the Columbia River was in the neighborhood of 7.5 million fish. The five species of

salmonids  native to the Columbia River are chinook salmon (OncorhyZchus  fshawytscha), chum

salmon (O. keta),  sockeye salmon (0. nerku), coho salmon (0. kisurch), and steelhead (O.

mykiss). Chinook salmon are recognized as having two distinct life histories, ocean-type and

stream-type. When discussing Columbia River chinook salmon, fisheries managers commonly

refer to three races based on the time of the adult return migration into the river: spring, summer,

and fall. Spring chinook have a stream-type Life history, fall chinook have an ocean-type life his-

tory, and summer chinook have a mixture of the two, depending on spawning location. After

emergence, stream-type juveniles spend one year in fresh water, generally the upper reaches of the

tributary streams, before migrating to the ocean, and are known as “yearlings” when they outmi-.

grate. Fall chinook (ocean-type) are termed “subyearlings” and outmigrate during the first sum-

mer after emergence.

Beginning about 1900, Columbia River salmon catches began to show a downward trend,

although the annual fluctuations typical of most salmon runs continued to occur. The adults that

migrate into the river during the summer have suffered the most (Thompson 195 1), declining to

very low numbers, recovering slightly in 1959, and then declining again (Chapman 1986). Most

authorities (e.g., Laythe 1948, NWPPC 1986) have atrnbuted  the decline in chinook runs to a

wide variety of causes including deforestation, farming, mining, pollution, overfishing,

unscreened water diversions, cattle ranching, and construction of dams--the last considered to be

the major conrnbutor.  To overcome these problems, Laythe (1948) suggested a mitigation pro-
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gram in the lower river which included screening water diversions and habitat protection, as well

as the construction of fish hatcheries. The hatcheries and the lower-river efforts were never fuIly

implemented; and by the mid- 1970’s, the stocks of chinook salmon migrating to the mid-Colum-

bia were at extremely low levels. The use of hatcheries to increase the run sizes had proved rela-

tively unsuccessful.

Studies were initiated on the smiving  salmon stocks in the mid-Columbia River from

Bomeville  Dam to Grand Coolee Dam and up the Snake. River to above Lower Granite Dam.

Raymond (1969, 1979, 1988) studied the consequence of impoundment of water behind dams and

the effects it had on the time it took juvenile salmonids  to migrate downstream through these

reaches. Two major findings from his work were (i) wild stocks had better survival than hatchery-

produced fish, and (ii) impoundment of water behind darns slowed outmigration  and was thus

thought to reduce survival. As a result of water impoundment behind dams, several environmental

variables were impacted. During the spring and summer months, the water temperature was

raised, the big spring freshet was reduced (but not totally eliminated), and the turbidity of the

water was reduced. In addition, all of the river water could not pass through the hydropower tur-

bines; thus, some was spilled, allowing some juvenile fish to move over the spillway instead of

through the turbines. Further, to mitigate for mortality at dams, juvenile salmonids were collected

at several dams and transported below B onnevilie Dam.

The direct effect of river discharge on the downstream movement of salmon fry has been

studied by a number of investigators (Irving 1986, Giorgi  et al. 1990, Raymond 1968, Park 1969)

with varying results. Giorgi  et al. (1990) investigated the relation of flow to travel time of subyear-

Iing chinook salmon and were unable to conclude that changes in river flow were related to

changes in travel time. However, they did note that fish moving out in the early part of the summer

had higher survival rates than later outmigrants.  Raymond (1969) found that the John Day Reser-

voir increased the travel time of outmigrating  smelts from 14 days to 22 days for that stretch of

river. Park (1969) concluded that, with the advent of dams, the peak spring flows were reduced,

turbidity decreased, and predation and disease increased. He further concluded that “an almost

continuously impounded river, with resultant trends toward warming water and increased num-

bers of predators, and other complex changes in the environment, could eventually jeopardize the
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existence of the chinook salmon in the [mid] Columbia River.”

In an effort to shed light on a complex situation and prevent continuing erosion of Colum-

bia River salmon abundance, the United States Congress passed the Pacific Northwest Electric

Power Planning and Conservation Act in 1980 which authorized the states of Idaho, Montana,

Oregon, and Washington to create an entity to plan for two important resources in the Columbia

River Basin--electricity, and fish and wildlife. The entity created was the Pacific Northwest Power

Planning Council, best known as the Northwest Power Planning Council. To emphasize the

importance of fish and wildlife, Congress mandated that the Council develop the Columbia River

Basin Fish and Wildlife Program before developing a power plan.

The Council established the doubling of the abundance of the salmonid runs in the Colum-

bia River as a primary goal of its Fish and WM.life Program. Achievement of this objective could

result from: (i) an increase in the production of hatchery saimon,  (ii) increases in the production

of natural spawning salmon, and (iii) increase in the downstream survival of smelts, with all three

factors likely to be involved in a truly successful stock rebuilding effort. Many management

actions have been taken in an attempt to increase downstream survival, including: (i) fish bypass

facilities--screens that divert juvenile salmon from turbines, passing them through the dam in a

separate water system; (ii) transportation of smelts, collected at the lower-end of the fish bypass

facilities, via barge to below Bonneville Dam where they were returned to the river; (iii) increased

flow during periods of heavy smelt migration--augmenting the spill of water over the dams and

thus moving more smelts over rather than through the darns; (iv) predator control--reducing the

population of northern squawfish (Prychochedm  oregonensis)  in the resemoirs.  Each of these

actions were directed toward increasing the survival of fish from the time-of-release at the start of

the downstream migration until they entered the lower river below Bonneville Dam. While fish

bypass facilities have been evaluated using fin-clipped or freeze-branded fish, and transportation

evaluated using coded-wire-tags; to date, no attempts have been made to evaluate predator control

efforts, flow augmentation, or other abiotic variables.

This study, using historical returns of coded-wire-tagged hatchery fish from Priest Rapids

hatchery, 1976-89, investigated possible relationships between survival of chinook smoh and in-
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river conditions during outmigration.  The purpose of this study was to shed light on those river

conditions and operations that may substantially impact salrnonid survival. Specifically, we chose

to look at temperature, flow, turbidity, transportation, spill, and total annual hatche~  releases into

the Columbia river (by weight).

1.2 River Conditions Considered in This Study

The relation of turbidity

between recreational and mining

and smelt survival has been debated for years. A contrivers y

interests on the Rogue River resulted in a study of the impact of

turbidity (Ward 1938), concluding that the added suspended sediment would not adversely impact

salmon in the Rogue River. Recent studies have confirmed that turbidity (except at high levels)

does not cause direct mortality (Servizi and Martens 1992). However, juvenile salmon that have a

choice will avoid turbid water (Bisson and Bi.lby 1982). Pulses of sediment can cause downstream

displacement of juvenile salmon (Berg and Northcote 1985) but the fish soon acclimatized to the

higher turbidity. Predator avoidance appears to be enhanced by increased turbidity (Gregory 1993,

Junge and Oakley 1966). Feeding behavior of juvenile salmon changed with turbidity. Juvenile

salmon underwent a log-linear reduction in reaction distance to food as turbidity increased, (Gre-

gory and Northcote 1993, Gregory 1988). Finally, turbidity can be lethal when the concentration

of sediment in the water reaches levels sufficient to cause suffocation (Sigler 1988). These more

than justify its inclusion in this analysis. Turbidity was measured daily by secchi disk on the south

side of McNary Dam, upstream of the fish ladder.

A second factor considered was the total weight of hatchery smelt releases of steelhead,

coho, and chinook salmon for the entire Columbia River Basin. The probable impact was consid-

ered to be one of density dependence (Ricker  1954, 1975) where survival and totaI release would

be inversely correlated. There is some evidence for this in the case of coho salmon (McGie,  1984,

Pearcy 1992). Coho srnoh releases were shown to be significantly correlated with reductions in

survival. The mechanism was thought to be limitations on the food supply in the coastal regions of

the ocean.
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A third environmental factor, flow velocity, was reduced with the construction of dams.

There is evidence that the downriver movement of the juvenile salmon has been slowed by that

construction (Raymond 1979). In the Columbia River, below the confluence with the Snake River,

Raymond (1979) found that migration rates for juveniles were on the order of 40 to 55 km/day for

free-flowing and impounded stretches at moderate river flows (about 8,500 m3/sec.), and in the

range of 24 to 27 km/day at low flows (about 4250 m3/sec.). Although the hypothesis that flow

and travel time are directly related (Berggren  and Filardo 1993) is viewed as a basis for present

river management, the situation is not as clear as might be hoped because of apparently confound-

ing effects. For example, travel time is related to the condition of juvenile salmon at the time of

migration. Their physiological condition is related to water temperature which, in turn, is related

to the time of year (Giorgi et al. 1988). The later in the year, the faster the juveniles appear to out-

migrate (Chapman et al. 1991). Flow at McNary Dam is estimated by the Army Corps of Engi-

neers from dam operation specifications.

Temperature is a widely recognized environmental variable that can have a major impact,

both positive and negative, on salmon survival. Brett (1952) performed laboratory studies to deter-

mine the temperature tolerance of young salmonids.  In general, the upper lethal temperature for

Pacific salmon (the old genus Oncorhynchus)  was about 25 degrees Celsius. The lower lethal Limit

was 4 degrees Celsius or higher if the fish were transfen-ed  from high to low temperatures without

acclimatization. Between the lethal extremes, temperature plays a major role in metabolism. For

sockeye salmon, the optimum temperature is about 15 degrees Celsius. Above this temperature,

the metabolic rate diminishes, as does feeding and growth rates (Brett and Groves 1979, Brett

1979). Many investigators have done field studies to investigate the effects of temperature on

salmonids (examples include: Smit, et al. 1981, Kope and Bostford  1990, and Holtby et al. 1989),

and in general, warm temperatures neru the lethal limit are very detrimental for juvenile fish. Tem-

perature measurements were taken from the scroll case at McNary  Dam.

Water is spilled over the spillways when the flow is greater than the generator capacity of a

dam or a conscious decision is made to allow water to pass over, rather than through, the darns.

When water is spilled, a fraction of the downstream migrants go with the spill. For spring chinook

salmon smelts, this fraction is often assumed to be proportional to the fraction of water spilled
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versus what goes through the dam. Of the three ways for juvenile subyearling chinook salmon to

pass the Bonneville Dam (turbines, spillway and fish by-pass), the spillway causes the least mor-

tality (Ledgerwood  et al. 1990). Spill reduces the proportion of fish exposed to turbine passage,

thereby reducing mortality rates. In contrast, increase in the amount of spill will cause an increase

in nitrogen saturation levels, which has been shown to be lethal at high levels to juvenile salmon

(Dawley  et al. 1975) in laboratory conditions. Though not proven in the field, this potential upper-

boundary condition and the general effect of spill on salmon survival warrants its inclusion in the

anal ysis. Spill at McNary Dam is estimated by the Army Corps of Engineers from dam operation

specifications.

Most studies of juvenile salmon and survival have concentrated on in-river measurement

and comparison, primarily using freeze branded fish to measure travel times. Such studies cannot

examine the survival of smelts after they pass through the h ydropowers ystem. A potential source

of such data is coded-wire-tag (CWT) data. Since the early 1970s, thousands of groups of hatch-

ery and wild fish have been tagged in the Columbia Basin. The commercial and recreational fish-

eries, as well as the hatcheries and spawning grounds, have been routinely sampled for returning

adult salmon with the CWTS. These data are then used for many purposes including the Pacific

Salmon Commission working groups to estimate survival of Columbia River stocks.

2. MATERIALS AND METHODS

2.1 Data

Coded-wire-tags (C WTS).  The CWT is a so-called “mass” mark and is appIied to large

numbers of fish using the same tag “code.” CWTs are not useful as tags for the identification of

individual fish. CWTS are inserted into the nose cartilage of the fish using a device specifically

designed for the purpose (Jefferts et al. 1963). Simultaneously, the adipose finis removed to indi-

cate the presence of a CWT. When a tagged fish is recovered, the origin of that fish can be identi-

fied from the retrieval of the tag. The data that are obtained from the CWT tagging program

includes location of original tagging, date of tagging, date and location of recovery, as well as
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many other items such as size of fish at tagging, species, number tagged, and how recovered.

These data are accumulated and stored electronically by the Pacific States Marine Fisheries Com-

mission (PSMFC). The PSMFC makes these records publicly available.

The CWT data form the basis for estimating survival of each tagged group used in this

study. Thus, it is important that the data be as complete and as accurate as possible. The informat-

ion on CWTS at the time of application and release is considered by most to be accurate. The

recovery data are another matter; agencies charged with recovery efforts attempt to sample a spe-

cific fraction (usually 20 percent) of each fishery and then expand the number of recoveries by the

sampling fraction. Though possible for most commercial fisheries, sampling sport fishing recover-

ies is more dil%cult, given the very large number of possible landing sites as well as the indepen-

dent nature of each person fishing and independent use of the captured fish. In addition, hatchery

detection efforts are subject to many variables including time demands on hatchery personnel.

Spawning ground surveys also present problems; water clarity, state of decomposition of car-

casses, etc. In summary, the commercial fishery sampling effort probably provides the best data

on recoveries and, coincidentally, the most abundant CWT recovery data.

The commercial fishery data are also subject to criticism. In particular, the way in which

the data are tabulated as to location of capture or location of landing can result in biases being

introduced into the data sets. Also, the data undergo changes through time due to the correction of

errors or the recalculation of sampling fractions, to mention two examples. As a result, the data

kept by PSMFC will change from time to time. During late 1994 and early 1995, the recovery

data set underwent some major revisions. The revised data set was substantially different from the

earlier data, especially for the Oregon coastal recoveries with smaller changes in data from other

states and British Columbia. We were alerted to these changes and delayed analysis until the

changes were implemented.

Environmental covariates.  Variables included temperature, turbidity, flow, spill, and per-

cent spill. The data were obtained from the United States Army Corps of Engineers (USCOE)

Annual Fish Passage Reports, 1976-1989. Specifically, we used data from McNary Dam for the

months of April through August. The data were obtained as daily observations, permitting us to
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do detailed analysis using different time scales (e.g. daily, weekly or monthly). Plots of weekly

averages of flow, spill, turbidity and temperature (Figures 1-4, respective y) show that releases for

Priest Rapids occurred under widely varying conditions. How these conditions are characterized

is somewhat arbitrary, and only two methods were explored. One is to take an average value over

a specified time period. The value of each river covariate averaged over the 28 days following

each tag release at Priest Rapids (Table 1) display large standard errors.

Fi=ae I: Average weekly flow at McNary Dam. 1976-1989. Releases at Priest Rapids are indicated by dots.

[
o 10 20 30 40

wee~ of year

Fi=me 2: Average weekly spiil at McNary Dam. 1976-1989. Releases at Priest Rapids are indicated by dots.
r

1
0 10 20 30 40

week of year
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Fi=m 3: Average weekly @Idity  at McNary Dam. 1976-1989. Measurements were taken with a
secchi disk, Releases at Priest Rapids are indicated by dots.

0 1’0 2“0 3“0 ‘i
week of Y9W

F@re 4: Average weekly temperature (Celsius) at McNary Dam. 1976-1989. Releases at Priest

Rapids are indicated by dots.

0

0 10 20 30 40

week of year



Table 1: Monthly average and standard errors of selected river covariates  at McNary Dam
after release from Priest Rapid’s hatchery, 1976-1989.

Release

flow
flow Sp ill

spill
turbidity

turbidity
tempera(we

yew juiian Se, se.
t e m p e r a t e

s.e. se.
date

76

76

7?

78

79

79

79

79

80

81

81

82

82

83

83

84

84

84

85

85

86

86

87

87

87

87

87

87

87

87

87

88

89

23W89.Y

23%89.?9

93489.29

199139.29

210182.14

126553 .5-

126.553 .5-

126553.5-

1-9220.00

~1567?8,5 -

323146.43

375535 .-1

34291:.86

337X)89.29

208635 .-1

325:J6.43

325746.43

325746.43

15693U6

156932.86

254493.s-

176905.36

219$0:.14

21944):. 14

21940-.14

21940:.14

22(E.$ 1.43

22024  I .43

2202.$1.43

158191.07

106301.43

12364.$.29

110425.36

25129.27

25129.27

21219.21

21448.38

40131.81

31240.30

312.$0.30

31240.30

33447.85

47662.5?

80225.s2

.U05L33

32356.43

-!w-2.4-

lW-4.:1

53853.34

53853.34

53853.34

YW9258

2999258

Y ~, 3 8

5263:56

3:9-1.98

3 -9:1.98

3:9-1.98

3-X 1.98

37157.24

3715:.24

3:157.24

WI 8.2:

16441.2s

20933.15

17688.%

61435.71

61435.71

O.(X3

14~.s6

15432.14

0.00

0.00

0.00

1257.14

31 253.X

14(X314.29

216.546.43

1565%.43

135685.71

1S82.14

14409286

1-U09286

144092.86

0.00

0.00

3660-.543

ZxM.- 1

32883.5-

32883.5-

321183  .5-

32883.5-

3B40.00

32940.(I3

32940.CD3

~~5,36

O.CO

O.m

0.00

36575.02

36575.02

O.(M

524.53

21512.75

0.00

0.00

0.00

4-89,84

46843.84

106622.02

61516,0-

313:0.53

5-$306.81

743.12

.$9355 .29

49355.29

49355.29

0.00

0.00

2J606.53

15306.46

31953.6S

31%3.68

31%3.68

31953.68

31894.80

31894.80

31894.80

1457.05

0.00

0.00

0.00

2.33

2.33

-t.%

2.3:

2.04

3.24

3,:4

3.24

2.61

2.46

2.54

1.78

2.15

1.95

U

1.90

1.90

1.90

2.S8

2.88

2.06

2.07

2.99

2.99

2.9

2.W

3.00

3.00

3.(M

2.%

3,48

3.55

3.55

()~(j

&~fj

0, ~s

0.36

0,26

0.35

0.35

0.35

0.41

0.37

0.39

0.50

0.31

0.39

0.-1o

0.34

0.3-$

0.34

().42

0.42

0.29

0.39

0.3J

o.3-1

0.34

0.34

0.32

0.32

0.32

0.37

0.46

(),29

0.42

16.94

16.94

19.21

17,62

14.50

18.93

18.93

1 S.93

17.s-$

15.95

13.19

15.6:

12.60

15.28

1:.18

[5.2s

15.2s

15.2s

1:.54

1-.54

8.6-

[ -.24

12.62

12.62

12.62

12.62

I 2-54

12.54

12.54

15.22

19.44

18.75

18.31

0.95

0.95

0.57

0.91

0.s5

1,29

1‘?9

179

1.1.$

0.74

0.S6

0.75

().9.$

0.86

0.81

1.13

1.13

1.13

1.45

1 .-H

0.63

1.13

1.06

1.06

1.06

1.06

1.08

1 .0s

1.08

I .45

0.69

0.79

0.10
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bother method of covariate  characterization entails summarizing the daily total outflow,

spill, temperature, and turbidity by a linear regression over the 28 days, in the form of

riVerCOVi = Ui + ~iX

where:

rivercovi = the river covariate for Priest Rapids hatchery release i (i= 1..33) in this analy-

sis;

Pi = the slope, or rate of change of the river covariate  over the 28 days after the day

of Priest Rapids release i;

x = days O to 27 following the release from Priest Rapids; and

ai = the intercept, or initial river covariate value at the time of Priest Rapids hatch-

ery release i.

The intercept represents the initial conditions at time of release, and the slope estimates the rate of

change of those conditions through the month (Appendix D contains plots of the resulting fits to

the data and Rz’s). One of the obstacles to this kind of analysis is the general problem of syn-

chrony, applying information measured over a time period which may or may not apply to the

event being investigated. This method seems to better represent the river conditions experienced

by the Priest Rapids stock for their first month in the river, as all fish experienced the initial condi-

tion, and slope (average change from initial condition over the month following release) appears

consistent for periods longer than the 28-day period. As such, the slope would be the same

whether a week, month or longer time period was used. Intercept and slope were always used

together to determine significance of a particular river condition in each model. The area beneath

the fitted regression line for the 28 day period was calculated as follows:

27

areai =

!(P”X+UJ=P$+U4 :=[~+a’”27) ~ ‘e q u a t i o n’ )

This area was used in subsequent calculations to determine the correlation among independent

and dependent variables.

Transportation. Estimates of fish guidance efficiency (FGE) were obtained from National

Marine Fisheries Service reports (Krcma et al. 1985, Swan and Norman 1987, Brege  et al. 1988,



and McComas et al.. 1993) to determine the fraction of fish transported from McNaIY  Dam. These

reports summarized the results of experiments conducted at McNary Dam to determine the frac-

tion of spring and fall chinook smelts that go through the turbines or through the bypass system

~ and thus into barges for transport to below Bonneville Dam. In addition to passage through the

turbines or through the bypass system, some smelts are spilled with water that is diverted over the

spillways. The consensus opinion on the fraction of fish that migrate over the spillways is that it is

directly related to the fraction of water that is spilled on a one-to-one basis.

The estimated proportions of CWT chinook released at Priest Rapids and transported from

McNary  (P~)  were obtained using the following formula:

154

PT  = ~ (P~i) x (1 - PSj) x (FGE)
i=(j

where:  Pai = the probability of arrival at day i (i = O, 1, . . . . 154);

pSi = the proportion of spill at day i;

FGE = the fish guidance efficiency, assumed to be a constant (FGE = 0.3); and

i = O corresponds to the release day for the CWT group.

The values of pst were calculated as the ratios between the average spill and outflow on day i.

Data were obtained horn the Pacific States Marine Fisheries Commission (PSMFC)  database. The

values of Pai were estimated from the distribution of travel times to McNary Dam of (a) freeze-

branded and (b) PIT-tagged chinook released at Priest Rapids. The travel times of freeze-branded

chinook from 39 samples, spanning 10 years (Table  7, Appendix C), were used to build a distribu-

tion for pa. A histogram was built from the freeze-branded data for travel times ranging from O to

154 days. All samples from the same year were scaled to 1000 fish before pooling them into an

average histogram for the year. The final overall histogram was then obtained by combining these

histograms resealed to 1000 fish. An alternative distribution for pa was estimated using the oniy

Priest Rapids’ PTT-tag  release of fall chinook salmon available 1. Both pa distributions are shown

in Figure 5. Estimates of the proportions of CWT chinook released at Priest Rapids and trans-

1. The group consisted of 482 smelt released from between 6/13/94 and 6/21/94.



ported from McNary (P~)  calculated using the values of pai based upon freeze-brand (P~a)

and PIT-tag ( P~~) samples and are displayed in Table 2. Because values of PT and PT6 were.
almost identical, PTa was used in subsequent regression analyses.

F@re 5: Distribution of pa for Priest Rapids chinook.

‘~

_ F+ett&m::~;9rfjle  ( 19594 )

Table 2: Estiates of PT based upon heeze-brand  ( PT. ) and PIT-tag ( PTb) samples.

CWT Code Release Date

131101
131202
631662
631746
631821
631857
631%8
632017
631948
632155
632261
632252
632456
632611
632612
632848
632859

7/01/76
7/01/76
6/27/77
6R7f18
5R3119
6/28/79
6t28t79
61’28t79
6/26/80
6/’24/81
5/18/81
6/16/82
5/18/82
5124183
6f22J83
6/13/84
6/13/84

PT* PT
b

0.2239 0.2205
0.2239 0.2205
0.3CQ0 0.3000
0.2997 0.2996
0.2922 0.2947
0.3000 0.3000
O.NOO 0.3000
0.3000 0.3000
0.2990 0.2997
0.2823 0.2801
0.1631 0.1509
0.1224 0.1124
0.1645 0.1671
0.1868 0.1846
0.2987 0.2976
0.1750 0.1726
0.1750 0.1726

CWT Code Release Date PT PT,a

6;2860 6/13/84 0,1750 0.1726
633221 6/1 1/85 0.3000 0.3000
63?222 6/1 1/85 0.3000 0.3000
632330 4/01/86 0.2676 0.2624
634102 6/12/86 0.2985 0.2985
51915 5f15i87 0.2609 0.2670
51916 5i05iw 0.2609 0.2670
51917 5f15187 0.2609 0.2670
51918 5m51%7 0.2609 0.2670
51919 5/04/87 0.2570 0.2606
51920 5104187 0.2570 0.2606
51921 5#4187 0.2570 0.2606
51922 5127187 0.2999 0.3000

634128 6125i87 0.3000 0.3000
635226 6/18/88 03000 0.3000
635249 6R9189 0.3000 0.3000
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Combining the probability of transportation with the estimated effect of transportation on

the smelt survival, an multiplicative adjustment to smelt su.wival (S) for the Priest Rapids’ release

groups for the probability of transportation is then calculated by:

c~ = PTJT+(l  -Pq) (equation 2)

where: Ci = the (multiplicative) adjustment to a Priest Rapids release group’s survival estimate;

PT, = the probability of transportation for Priest Rapids batch i;

-t = the multiplicative adjustment to survival of transported fish.

To estimate z, a simplistic model of the expected number of fish recovered from a specific

release can be written as:

E(nT) = Nsp7

where: nT = total number of fish recaptured;

Iv = the total number of smelt released;

s = percent survival of the fish;

P = probability of recapture; and

-c = the effect of transportation on the smelt survival.

A ratio of recovered transported releases over control releases gives an estimate of ~. A mnspor-

tation study conducted by the National Marine Fisheries Service on fall chinook salmon

(Table C4, Appendix C) from 1986 to 1988 was analyzed to estimate the treatment-control ratio

(TCR) at McNary Dam. Using GLM (generalized linear models) and assuming a binomial error

structure, a log-link (Townsend and Skalski  1996) and a constant transportation-control ratio, the

model describing the recovered proportion from a specific release is:

E(P1jk) = a - balChl “ 10 CaliO/lj “ Tk

where: a = intercept;

Ptik = proportion of recovered adult fall salmon for release batch i, location j, treat-

ment k;

batchi = release covariate  for group i (i = 1 to total number of releases for year);

locatior~  = recovery covaxiate  location j (j = dams, fisheries, hatcheries, or spawning

grounds); and



~k = transportation-control ratio (k = control, treatment). ~ =1 for control releases.

A fixed TCR was used to keep the adjustment for the probability of transportation simple. The

average TCR for the three years was determined to be 3.24.

Total Hatchery Contribution. The total weight of chinook, coho and steelhead salmon

releases per season were calculated from the CWT database from the Pacific States Marine Fish-

eries Commision (Figure 6). We used the total weight because each species is released at a differ-

ent size, and total biomass therefore was the best representation of total input to the river system.

The data for chinook and coho salmon were complete, while the steelhead  data was not--only the

number of fish released were available for the steelhead production runs. To estimate the total

weight of steeIhead,  the release size was multiplied by the average weight of a CWT tagged run

for each brood year. The total did not include the production of wild salmon from Hanford Reach.

Fl=me 6:Total biomass of hatchery conrnbutions  to the Columbia River, 1976-89.

Year

Vktual Population Analysis. Hilborn suggested using a Virtual Population Analysis

(VPA) in Phase I (Hilborn  et al., 1993a). To estimate the population size of each batch of salmon

at age 2, a process recommended by the Pacific Salmon Commission (PSC) was used (Argue et al.

1983, Gulland  1965). FirsL the number of recovered salmon per age level (i) was deter-

mined (Ni) . Each age class was then divided by the estimated sumival (D i) (Table 3) for salmon
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from age 2 (A,) to age i. Summing over these results gives the total estimated number of salmon

from that release batch that survived to age 2:

7 
N

E12= -J
i=2D’1

where:

IVi = number of CWTs recovered at age i adjusted for sampling fraction,

Di = survival to agei, given that the fish survived to age 2.

An average VPA was used for dowm-iver  reference hatcheries that had more than one

batch released in a given year. The VPA survival estimates to age 2 (~z) were based on the frac-

tion

32.5
R

where R is release size of the hatchery group.

Table 3: Values of survival rates from age 2 to year i, recommended by the Pacific Salmon
Commission for virtual population analysis (vPA).

a. D, was extrapolated
ences.

Age conditional survival

(i) (D i)

2 1.00000

3 0.60000

4 0.42000

5 0.33600

6 0.30240
~a 0.21088

using a quadratic model. as only divisors for ages 1 through 6 were available from ~fer-



2.2 Statistical Analysis

Starting with all hatchery fall chinook CWT-tagged stocks in the river basin, selection of

potential reference stocks were based on the following criteria: 1) release dates: generally spring

released stocks; 2) developmental stage: similar to Priest Rapids stock; and 3) production and/or

index stocks (no experimental stocks). Cluster analysis on the prospective stocks, tabulated by

recovery age and location was performed to find those stocks with the closest ocean catch distri-

“1 clustering method in SPSS, thebution to the Priest Rapids stock. Using the “complete linkage

five reference stocks with the least cluster distance from the Priest Rapids stock were selected for

further analysis. Chi-square  statistics were calculated for varying levels of recovery-area size to

obtain a statistical comparison between the five reference stocks and Priest Rapids stock. Counts

for recovered CWT-tags,  both adjusted and non-adjusted by the recovery fractions, were tabulated

into cells representing various recovery area sizes, and then the differences in distribution (and

thus, homogeneity) were estimated using a Pearson’s chi-square test. Despite significant differ-

ences ( cz <0.01  ) in ocean recovery patterns between candidate reference stocks and the Priest

Rapids stock, subsequent regression analyses were performed to investigate in-river survival rela-

tionships and the sensitivity of the analyses to the choice of reference stock.

Stepwise multiple regression analyses were used to describe survival relationships and test

the significance of each river variable with each reference stock. Three approaches to the regres-

sion models were taken. The first approach was an extension of a model used by Hilbom et al.

(1993) (Appendix A) that attempted to simultaneously use all five reference stocks as controls for

variable ocean survival in conjunction with the Priest Rapids stock. The second approach used

general linear models (GLM) to analyze CWT return numbers as functions of numbers released

per batch, sampling fraction, and in-river conditions. These analyses directly matched a downriver

reference stock with the Priest Rapids stock to conaol for ocean effects. A separate analysis was

performed, corresponding to each of the reference stocks used. The third approach was based on

the use of virtual population analyses (VPA) estimates of survival of hatchery stocks to age 2. As

with the previous analysis, a downriver reference stock was matched with the Priest Rapids stock

1. Also known as the “farthest neighbor” clustering method.
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to control for ocean swival. Again, five separate analyses were conducted using each reference

stock matched one-to-one with the Priest Rapids stock. Interaction terms were not included here,

due to the sheer number of models which were explored--with six explanatory variables, there are

720 combinations, and with five reference hatcheries, that increases the analysis to.3600 models.

Finally, there were six different approaches (with and without adjustment for the probability of

transportation), for a total 21,600 models to analyze using just main effects. ClearIy, there is a lot

of unexplored territory here and opportunity for uncontrolled type I error rates.

A new aspect of this analysis was an attempt to adjust CWT recovery data for the effects

of smelt transportation at McNary Dam. A model-based adjustment for transportation was

included in the regression models analyzed. As such, six variations on the multiple regression

analyses were investigated as part of this report. Consistent results between the analyses would

add credence and robustness to any conclusions reached.

2.2.1 Response lModel for CWT Analysis Used by Hilborn et al. (1993a,b)

The first general approach to the CWT analysis was to use all five reference hatcheries

simultaneously to offset the ocean survival and harvest rates, as no reference hatchery releases

displayed simiku ocean distribution. An indicator variable was included in the regression analysis

to account for the difference between reference hatcheries. An indicator variable for yem of

release was also included to reflect differences from year-to-year. The annual river conditions

were characterized as the daily average over a period of 28 days beginning the day of each Priest

Rapid’s release. Reference hatcheries had no river conditions associated with their release, so

were assigned the grand mean over years for each river condition. The annual deviation from the

grand mean of each river covariate was then calculated and used in the regression. The deviation

from the grand mean for river conditions experienced by each reference hatchery batch was set to

zero.

However, the value of zero for the river covariate  deviations for the reference-stocks is a

misrepresentation. In actuality, the appropriate designation for the reference conditions is as miss-
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ing values because river conditions were nonexistent at those sites. Treating the missing values as

zeros is inappropriate and can bias the regression results in a number of undesirable ways. This

model is included for comparison of results between this and the earlier Hilborn et al. (1993)

report and contrast with other model results.

The log-linear regression model used in this analysis can be expressed as:

(obsreturnsq
log

Rij )
(model 1)

where:

p = vector of fitted regression coefficients;

x = the vector of covariates added to the model.

obsreturnsti = the expanded number of observed returns for the ith batch and the jth year.;

Rq = the total number of salmon released for the ith batch and the jh year;

relyrj = indicator variable for the@ release year (0 = 1976); and

hatchery = indicator variable for reference hatchery (0 = Priesf  Rupids).

2.2.2 Response Model for CWT Reanalysis Used by Hilborn et al. (1993 ti.b).

Adjusted for Transportation

With transportation of fish from McNary Dam also occurring during the time period used

in this study, an adjustment for the probability of transportation was needed. The expected number

of Priest Rapids hatchery CWT-tags recovered under a transportation regime can be expressed as

the log-linear regression model:

obsreturnsij

(
log ~

iJ )
= 10.!3(P~ijT + ( 1- P~ij))  + Bl(ref.vrj)  + f32(hufchev,J  + .J’f3 (model 2)

where:
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pTij = the probability of transportation for the MI year, the jh batch of Priest Rapids

stock. The total adjustment is referred to as C,j as defined in Eq. 2, page 15,

where Cij = [P~ijT  +  (  1- P~ij)l . For reference hatcheries, log(C) = O .

2.2.3 Response Model for Analysis of CWT Observed Counts, Not Adjusted for

Transportation

This approach used a log-linear regression to compare the Priest Rapids stock to each of

the downriver stocks separately. The response model was based on the expected value of observed

CWT recovery numbers at Priest Rapids and reference stocks where:

E({~bsprij) = RPij  “ fpij “ (oceansurv)  “ (harvrase)  “ (rivsurv)

and

E(~bsrefi) = R~i “ fRi “ (oceansurv) . (harvra[e)

for the jth batch in

in the ith year;

where:

obsprij = obsemed  CWT count for the Priest Rapids hatchery stock

the ith year (i = 1976, ..., 1989);

obsre~.  = total observed CWT count for the reference group released

oceansurv = ocean survival rate;

harvrate = harvest rate;

rivsurv = in-river survival rate;

Rpij = total number of fish released for Priest Rapids for the ith year, the jth batch;

R~ij = total number of fish released for reference stock for the ith ye~;

fpij -– sampling fraction for Priest Rapids stock for the jth batch in the ith year (this

was calculated as the reciprocal of the expansionfactor  reported by the PSC);

fRi = sampling fraction for the reference stock for the ith year,

The ratio of the observed counts from Priest Rapids and a reference hatchery stock would

have the approximate (to the first term in a Taylor series expansion) expected value:

obsprij[1
R pij _ fpi

E —= J “ (rivsurv)
obsre~. ‘Ri “ f~l
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and as such, the log-transformation of the expected value is:

(model 3)

where
‘Pijfpij

log
( )‘RifRi

= offset term in general linear model (GLM) analysis;

p = the vector of fitted regression coefficients; and

~ = the vector of covariates added to the model to describe river sumival.

Multiple regression analysis was used to explore possible factors influencing in-river sur-

vival. The best single-variable model was determined first, then other independent variables are

added to see if they captured any further information. This forward step-wise procedure continued

until no further information was gained by adding additional variables to the model.

2.2.4 Response Model for Analysis of CWT Observed Counts, Adjusted for

Transportation

Adjusting for the probability of transportation of some of the Priest Rapids’ hatchery

releases, the expected number of Priest Rapids hatchery CWT-tags recovered under a transporta-

tion regime can be expressed as:

E(obs~rij)  = f?pij - fpij ‘ (oceansur-v) “ (harvrufe) - (rivsurv) “ (~~ijT + ( I - ~~i,))

Denoting [~TijT  + ( 1- PTij)] = Cij (~. 2, page 15), then the expected value of the

ratio of recovery numbers at Priest Rapids to the reference stock (to the first term of a Taylor

series expansion) can be written as:

[1o b s p rij = ‘Plj  - 
fpij “ Cij

E— - (rivsurv)
obsre~. RR1“ fRi

(equation 4)
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where:

P~ij=  probability of transpomtion  of Priest Rapids hatchery fish at McNwy Dam for the

ith year, the jth batch; and

-c = the transportation-control ratio for these analyses set at ~ = 3.24.

The log-linear regression with the adjustment for the probability of transportation can be

expressed in the form:

(model 4)

where

2.2.5

was treated as an offset in the GLM analysis.

Response Model for VPA Estimates, Not Adjusted for Transportation

VPA estimates were used as the response survival ratios, with a log-linear regression to

compare the Priest Rapids stock to each of the reference stocks separately. The response model

was based on the expected value of the VPA survival estimates to age 2 where:

E(3P,,j) =  (oceansl~rv)  (harvrare} “ (rivsurv)

and E(sRef ) = (Oceatlsllrv)  “ (harvrate)

where:

Sprij = VPA survival estimate for the Priest Rapids hatchery stock at age 2 for the-lh

batch in the ith year (i= 1976, . . . . 1989);

‘(~Refi) = VPA survival estimate for the reference group at age 2 for the ith year;

oceansurv = ocean survivai rate;

harvrate = harvest probability;

rivsur-v = in-river survival rate.

The ratio of the age 2 survivaI rates from Priest Rapids (~p,,,) ~d a reference hatchery
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stock (~~efi  ) would have the expected value (to the first term in a Taylor series expansion) of

[1sp,ijE- = rivsurv
SR~f,

and as such, the log-linear regression model for survival would be of the form:

[1Spr,j
logE — =  Z’Q

&f,

where:

@ = the vector of fitted regression coefficients; and

x = the vector of covariates added to the model.

2.2.6 Response Model for VPA Estimates. Adjusted for Transporta4

The adjustment for the probability of transportation was again included

before subsequent regression analyses examined the in-river survival relationship.

(model 5)

ion

in this model

The expected

survival of Priest Rapids hatchery releases can be expressed as:

E(~pr,,)  = (oceunsurv)  ~ (hurvrafe) ~ (rivsurv) - (PT,,T + ( i - PT,,))

where:

Spr,, = VPA estimate of survival for the Priest Rapids hatchery stock at age 2 for the

jth batch in the ith year (i = 1976, ..., 1989);

‘Rej, = VPA estimate of survival for the reference group at age 2 for the ith year;

oceansurv = ocean survival rate;

harvrate = hanest  rate;

rivsurv = in-river survival rate;

pT;j = the probability of transportation for the ith year, the jth batch;

-t = the transportation-control ratio (set at -T = 3.24).
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Denoting [PT,,7 + ( 1- P~ij)l = Cij @q. 2, page 15), then the expected value of the ratio

of VPA survival estimates at Priest Rapids (~p~ij) to the reference stock (~Ref.  ) (to the first te~

of a Taylor series expansion) can be written as:

[1ip,,jE - = Cij “ (riVSUrV)
SR~f,

The log-linear regression with the adjustment for the probability of transportation can be

expressed in the form:

(model 6)

where:

in (Cij) = offset, the estimated adjustment for the probability of transportation for the ith

year, the j.h  batch of Priest Rapids stock;

p = the vector of fitted regression coefficients; and

x = the vector of covariates added to the modeI.

3. RESULTS

This section begins with the analysis to identify appropriate reference stocks, followed by

a section on the correlation of the river covariates.  Next are the analyses of the various response

models for the CWT data. In all, six response models were investigated

from the analyses of the various models is contained in the next section.

3.1 Reference Stocks

A summary of findings

Because we attempted to analyze for the impact of river variables on survival, it was nec-

essary to control for ocean conditions in the analysis of CWT data. One possible way to accom-



plish this was to locate stocks that were hatched or reared at or below Bonneville Dam that had

similar ocean distributions to Priest Rapids stock. Because the precise ocean distribution of

Columbia River stocks is unknown, ocean catch distributions were analyzed based on CWT catch

data. The goal was to find stocks that could be used as reference stocks (not true controls).

3.1.1 Choice Of Reference Stocks

Figure 7: Map of hatcheries used in this analysis.

/’
The choice of hatchery stocks to act as references in the analysis was begun using the clus-

ter analysis from the draft of the previous report (Hilbom et al. 1993 b). Specifically, we started

with the five fall, ocean-type hatchery stocks of chinook that cluster analysis indicated had the

closest ocean catch distribution to the Priest Rapids stock (Table 5). There were usually several

tag groups associated with each of the reference hatchery stocks, as well as numerous Priest Rap-

ids hatchery stocks. Many of the tag groups were released at different times and were treated dif-

ferently for various experimental purposes. We therefore selected a subset of the tag groups from

each stock with the idea of reducing variability in the data set. The selected tag groups (Appendix

C) were those that had been treated as normal production groups. The most up-to-date data (as of



November 1995) was obtained and analyzed the ocean catch distributions.

Table 4: List of potential reference hatcheries which were used in a cluster analysis against Priest
Rapids. Hatcheries which consistently showed small distances from Priest Rapids were selected
for this analysis (Table 5).

Stock Brood year(s)

Abernathy

Big Creek

Big White Salmon

Bonifer  Pond

Bonneville Hatche~

Cowlitz

EJokomirr

FaUert  Creek
(lower Kalarna)

Grays River

Hagerrnan

Irrigon

73-81.89

71,76-89

78

84

76-89

77-88

73.76-81.85,88

71.72.77,79-81

74-82.84,85.88

78-81.83,84

84-89

Stcck Brood year(s)

Kalama  River 73-81.88

Klaskanine  Hatchery 74,76-81,86-88

Kliciritat  Hatchery 75-81,86

Lewis  River 76-79,83,84

Little White Salmon 76-81,83-88

Lower Granite Dam 72

Lyons Ferry 83-89

oxbow 79-81

Priest Rapids 75-88

Ringold  Hatchery 71.75.77

Rock Creek Net Pens 85

Stock Brood year(s)

Sea resources

South Fork Klaskanine  Pond

south Santianr

Speelyai
Spring Creek
Stayton Pond
Toutle

Turtle Ponds Creek

Vanderveldt Ponds

Washougd River

Youngs Bay Net Pens

78-81
80-87
77
78
72-89
76-89
71,72,76-78,87

82-87
80
7:,76-87
89

Table 5: Distance measures from cluster analysis, using Priest Rapids stock as the basis of
comparison. Three types of distance measures were used: “Euclidean”, “city block” and
“Chebychev”. Euclidean distance is the sum of the squared differences in values for each variable,
city block is the sum of absolute differences in values for each variable; and Chebychev  is the
maximum absolute difference in values for any variable.

Distance Measures

Hatchery Stock City Blcck Chebychev Euclideao

Bonneville 0.6070 0. I 825 0.2300

Cowlitz 0.5370 0.1230 0.2103

Grays River 0.6229 0.1386 0.2486

Washougal 0.4315 0.0882 0.1521



3.1.2 Ocean Distribution Analysis

Tests for homogeneity of ocean disrnbution  of stocks released 1976 to 1989 were con-

ducted using the CWT ocean catch data, comparing each of the dowmiver  stocks thought to be

most like Priest Rapids stock (Table 5). The ocean catch data was considered at three levels of

detail; (1) location within state/province, (2) grouped by state/province, and (3) grouped by state/

province and by catch year. Locations within state/province were the standardized locations for

that state/province fisheries agency and used in the Pacific Salmon Commission’s CWT database.

Marine catches were grouped by region within state/province as the smallest area detail reported

consistently in the CWT database (Table 6), then grouped by state/province (Table 7), as region

within state/province had a high number of zero count cells in the distribution table. The third

comparison tested the hypothesis that the ocean disrnbution  was homogeneous by year and Mea

of catch. Chi-squme  values ranged from (P ( ~ 52> 563.39) = O) (Bonneville brights, grouped by

state/province) to over ( P (xl 1 IZ > 13008.64) = O) (Tanner Creek, grouped by state/province

and by year). None of the potential reference groups were homogeneous ( a << 0.01) in ocean

recovery distribution with the Priest Rapids stock, but the Bonneville brights and Grays River

stocks were the least unlike the Priest Rapids stock for all of the comparisons (Table 8). This non-

homogeneity between the Priest Rapids stock and the candidate stocks mean that any analysis

conducted using a treatment/reference relationship cannot attribute any differences in survival

rates entirely to the conditions that the Priest Rapids stock experienced within the Columbia River

and not to circumstances that cxcurred  while the salmon were in the ocean.

Table 6: Number of CWT recapture records of fall chinook salmon with indicated
reporting level for each hatchery (marine catches only), 1977-1994.

Reponing  Level Detail

state region ma location sub-location

Bomeville  Brights 3659 3472 3287 880 1906
Bonneville Tanner C. 3635 34% 3373 1002 1951

Cowlirz 1354 1330 1308 567 637

Grays River 687 666 648 198 jj~

Priest Rapids 4206 3906 3536 727 2123

Washougd 2042 1973 1880 477 1095
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Table 7: Expanded CWT recapture counts of fall chinook salmon by state and hatchery, ‘
1977-1994.

AK BC WA OR CA High Seas

Bonneville Brights 2760.71 7247.18 1390.10 578.41 63.18 32.23
Bonneville Tanner C. 1543.99 7435.71 2497.66 622.14 36.46 44.91

Cowlifz 257.60 1923.04 1512.75 632.09 6.61 26.94

Grays River 247.63 1323.53 569.03 136.61 22.78 14.19
Washougal 746.74 4282.69 1624.37 415.19 12.08 31.09
Priest Rapids 3939.98 8501.30 800.21 213.01 34.39 41.56

As a further demonstration of the difficulty in selecting an adequate downriver hatchery to

be used as a reference stock for the Priest Rapids’ releases, a test of homogeneity was done on just

the Priest Rapids’ ocean catch distribution (Table 9). Even the 9 replicate releasesl in 1987 from

Priest Rapids, F’(~120L > 266.62) = O , did not have a homogeneous ocean distribution.

Table 8: Pearson’s chi-square test for homogeneity in CWT marine recapture counts, 1977- 1994;
Priest Rapids versus the indicated downriver hatchery. (a cc 0.001 for all tests).

comparison

Expanded catch

counts using lou-
tion wifhin stste/
province

Expanded catch
counts -aped by
state/prOvince

Expsnded cstch
counts grouped by
state/@win=  and
by year of catch

Bonnwiiie Brights

De-gees

X2 ‘fFreedom

1185.66 41

563.39 5

83-$6..t3 112

Cowfitz

Dq-ees

X2 of
Freedom

4978.61 41

4244.57 5

10333.16 ]1~

Grays River

Degrees

X2 “fFreedom

2095.98 41

1253.76 5

.5428 .11 112

Tanner Creek

Depees

X2 “fFreedom

7806.84 45

2127.41 5

13@38.64 1112

1. Table C 1 on page 142 has the breakdown of the counts data.

Wssho(pl

Degrees

X2 “fFreedom

3235.85 43

2136.12 5



Table 9: Pearson’s chi-square  test for homogeneity in CWT marine recapture counts of Priest
Rapids hatchery only, 1977 to 1994.

Degrees

Comparison score of
Freedom

Expanded catch counts using location within statdprovince 52779.37 39

Expanded catch counts using location within state/province and 6122.62 468
year of catch

Expanded catch counts grou~d by state/province 17440.61 4

Expanded catch counts grouped by state/province and year of 1841.12 48
catch

3.2 Correlation of Independent Variables

Tables 10, 11, and 12 display the correlation coefficients calculated among the indepen-

dent variables of flow, turbidity, temperature and spill. Tables 10 and 11 are for the method of iin-

ear regression characterizing each covariate,  and Table 12 is the correlation determined between

covariates characterized as monthly averages. F1OW and spill were highly correlated (r = 0.917),

indicating that increased spill usually conesponded  with increased flow. At the other extreme,

spill and temperature had an inverse correlation (r = -0.346). An expanded correlation marnx was

generated for all of the independent variables (Table 10). The most highly correlated variables

were the intercept of spill and the intercept of flow (r = 0.919), while the intercept of temperature

had a low correlation with the intercept of spill (r= 0.016). Hatchery contribution was negatively

comelated  (r =-0.205) with flow. Temperature was the least comelated  to the other river condi-

tions, which may explain its inclusion in most “best” models.
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Table 10: Correlation matrix for river conditions at McNary Dam for the 28-day period following
fall chinook releases at Priest Rapids hatchery, 1976-1989. Correlations are calculated using the
area under the regression line for flow, turbidity, temperature and spill (equation 1), the average
spill ratio for the 28-day time period and the annual total contribution from hatcheries (Ibs.).

Variable Flow Turbidity Temperature spill SpiU Ratio Hatchety  Contribution

Flow 1.000” -0.786’ -0.565’ 0.917= 0.938’ -0.205

Turbidity -0.786’ I.000’ 0.35Y -0.617’ -0.628= 0.315

Temperature -0.565= 0.353= 1 .00IY -0.346 -0.431’ -0.306

Spill 0.917’ -0.617’ -0.346 i .Ooi)a 0.987a -0.201

Spill Ratio 0.938” -0.628a -0.431’ 0.987’ 1.000’ -0,180

Hatchery Contribution -0.205 0.315 -0.306 -0.201 -0.180 1.000’

a. Correlation is si@cam  (a< 0.05). with a Pearson’s product moment correlation coefficient test.

Table 11: Correlation marnx for the individual elements of the river conditions at McNary Dam
for the 28-day period following fall chinook releases at Priest Rapids hatchery, 1976-1989.
Notation “a” indicates intercept term and “b” indicates slope term in regression of environmental
variables against time.

Variable ~OW.3 Flow.  b Spiil.a Spitt.b Turb.a Turb.b Tempt.a Tempt.b Spill Ratio H. Con.

FlOw.a

Flow.b

Spilt.a

Spill.b

Turb.a

Turb.b

Tempt.a

Tempt.b

Spilt Ratio

HafcheIY  Contribution

1 .Ocoa

-0.498’

o.919a

-0.583 a

-0.675”

-a 1:3

-0.54-’

0.160

0.835”

-0.088

-o.w3a

1 .Ooaa

4.465’

0.86P

o,~~

-0.085

0.150

-0.338

0.040

~.~?

0.919=

-a465a

1 .Oooa

0.656’

-0.533=

-0.116

-0.337

0.016

o.878a

-0.106

-0.583a

o.86@

0.656 8

1 JJolY

0.36

-0.095

0.171

-0.115

-0.236

-0.098

-0.675’

0.269

-0.s33’

0.N6

1 .Oooa

-0.36$’

o.~~

-0.-!20=

-o.508a

0.411=

-a. 1:3

-0.085

-0.116

-0.095

-0.364’

1 .Oo@

a~(j~

0.313

-0.220

-0.336

-0.547’

0.150

-o.33-

0.1-1

().295

0~6~

1 QOOa

~~ [5

-0.412’

-0.308

0.160

-0.338

0.016

-0.115

4.42(F

0.313

.a~15

1 .003a

-O.(M 1

0.W6

0.835=

-O.(U(I

o.878~

.o, ?36

-0.508 3

-0.220

-o..t I ?

-().(M  1

I .OCoa

-0.180

-0.088

-0.225

-0.106

-0.098

O.-tlla

-0.366

-0.308

0.046

-0.1W3

1 .Oooa

a. Correlation is significant (a< 0.05), with a Pearson’s product moment correlation coefficient test.
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Table 12: Comelation  matiofaverage  fivercovwiates  at McNq Dmfortie 28-day period
foflowing falI chinook releases at Priest Rapids hatchery, 1976-1989. The Hilbom model uses the
deviance from the grand mean to characterize a river covariate.

Variable Flow spill Turbidity Temperature (C) spill Ratio Hatchery
Contribution

Flow 1 .Oo# 0.9165= -0.7860’ -0.5655’ 0.9384’ -0.2046

Spill 0.9165’ 1.0003’ -0.6167’ -0.3463 0.9871’ -0.2013

Turbidity -0.7860a -0.6167 a 1.0000’ 0.3530’ -0.6277’ 0.3153

Temperature (C) -0.5655= -0.3463 0.3530’ 1.0000’ -0.4305’ -03058

Spill Ratio 0.9384’ 0.9871a -0.6277’ -0.4305’ 1.0000 -0.1795

Hatchet-j Contribution -0.2046 -0.2013 0.3153 -0.3058 -0.1795 1.000W

a. Correlation is si@carit (a < 0.05), with a Pearson’s product moment correlation coefficient test.

3.3 Fitted Response Models

Because all of the reference stocks had significantly different

tions when compared with Priest Rapids stock, each reference stock

(a ~~ 0.01 ) ocean d.ktribu-

was used to check for the

sensitivity of the regression results to the selection of reference stock. Consistency of results

across different response models and different reference stocks suggested relationships that might

be considered meaningful.

3.3.1 Analysis of Model Used by Hilborn et al. (1993a. b). Not Adjusted for

Transportation

Model (1) was originally presented in the first draft of the report (Appendix A) with the

addition of the additional independent variables discussed above. Averages of flow, spill, turbid-

ity, and temperature were considered. In addition, indicator variables for release year and hatchery

were used instead of conducting independent analyses against each reference stock. The indicator
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variables for year (P(F13,3W  > 40.24) = 1.0x10’ 6) and hatchery P(F5,312 > 9.07) = 4.61x10a)

were highly significant and were treated as the base model for further analysis (P(Flg,2w > 36.39)

<< 0.001).

Each of the independent variables were tested against the base model with dl but tempera-

ture showing significance (Tables 13 and 14). The base model with hatchery contribution was the

most significant (P(Fl,zgg  > 20.23) = 9.86x 10-M)). The next most significant variable was flow

(P(Fz2g7 > 24.93) = 9.8 lxIO-l l)); with spill, turbidity and spill ratio close behind (P(F’ZJ9  > .

24.73) = 1.16x10-10), P(FZ29 > 24.74) = 1. 15x10-10), P(Fz.zg7 > 24.49) = 1.43x10-iO)),  respec-

tively. The normalized residuals plot (Figure 8) for the best fitting model, hatchery + release year

+ }latchery  contribun”on  +-flow, show an approximately normal distribution of model error, with

the vertical stratification due to the use of indicator variables in the modeL

Table 13: Summary of Rz for single river conditions for the Hilbom et al. (1993a,b) model (l),
unadjusted for probability of transportation.

river condition p value R2

hatchery 4.61x10a8 0.6325
Base Model

release year < LOX10-16 0.6866
hatchery conrnbution 2.55xIOW 0.7219

turbidity 2.09xlo~ 0.7094

Base Model flow 9.86x10 46 0.7065
+ 1 River Condition -spill 1.26x 10a5 0.7061

spill ratio O.0001 0.7029

temperature (C) 0.9559 0.6866
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Table 14: Summary table for best fit models using Hilbom et al. (1993a,b)  model (1), unadjusted
for the probability of transportation. Standard errors of the coefficient estimation are in
parenthesis.

Model
No. of

Variables
Best Fitted Maiel R2 P

Base Model

Base Model
+ hatchery
contribution

Base Model
+ hatchery
contribution
+ flow

13 y = -4.0077(05sw) - L619Go. nw)*reIyr77  - 0.6325 K LOx10-16
2.0483to.nw*relyr78 - 2.3652(o.6211J*reiyri9 -
2. 1576@.626#Y@r80  -1.675 l(o.609sJ~elyr8  1-
2.4988t0.Issz)*relyr82  - 1.0859(o.bl~s~*relyr83  -
1. 1957(o.6132J*re1yr84  + 0.0329(0.61  l~Frelyr85 -
1.5 164(o.6697)*re@86 - Lo846(o.58s4)*relyr87  -
3.5365  (o.ww)*relY88  - 2.4512(0.61 l+*relyr89

8 y = 4.0077 (0.s(uJ  - 1.3457 (0.6Z9)*@T77 -1.827 l(o.67w*@r78-
1.983 1(0.5s96) *relyr79  - 2.OIOO(o.wM)*relyr80 -
1.4442(os33)*relyr8  1- 2.3334(o.mo)*relyr82  -
1. 1035(o.sm)*relyr83  - 1.2283  (o.5ass)*relyr84  +
0.0617(o.s%)*xelyr85  - 1.2218(  o.63sI)*mlyr86  -
0.7450(o.wI)*relyr87  - 3.1819(o.mm*re1y  T88 -
2.2921 (o.ssn)*re1yr89  + 0.6181(0.?1 I I)* brights -
0. 1800(o.zn:)*cowlitz  - 0.8827( o.msl)*grays -
0.3885(o.wm*tanner  + O. 178Go.zA3s)*washougal

9 y= -5.~03%a - 0.ozs(ko.67051*relyr7T  - ().jATs(o.6698)  *rel@8

- o.3543(o.6163)*relyr79 - o.2249(o.6358)*relyr80 +
().3083(o.6ww*dyr81 - 0.5941 (o.IQ1z)*relyr82  +
0.6203(o.m@lelyr83  + 0.5055(o.Gm)*relyr84  +
1.7619(o.b196)*relyr85  + 0.230Go.wn*re1yr86 +
0.2499(o.a@%Ayr87-  1.2532(o.ms)*relyr88  -
0.3572(o.63n)*re1yr89  + 0.4959( o.mon*brights  -
0.2549(  o.nm)*cowlitz  - 0.8641  (o.zco)*grays -
0.654&.lj;l)*_r  + 0.1501  (0.mI )*washougal -
9.83x10 -10( I.mlo-’”)”hatchery conrnbution

20 y= - 5.5855(osm  + 0.135  %o.ti15)*reiyr77  -
0.5492(o.a90)%elyr78  - 0.29&ko.6rm*relyr79  -
().3W~o.6Xm*xelyr8()  + 0.1721  (o.61n)*relyr81  -

0.783 ho.6139)*@Jr82  + ().4849(o.61j~)*re1yr83  +
0.2913(0.6140)*R$T84  + 1.711 l(o.mw*re1yr85  +
O. 187~o.6339)*re1yr86  + 1. 1429(o.61a)*re&r8~  -
1.3508(0.61Js)*Xdyr88  - ().4369(0.6~:j) *relyr89 +
0.5386(0.lg~~)*b@h~  - 0.2158(0.~j)*c~litz  -
0.9039(o.ms)*grays  - 0.62920.  )s.w%mner  +
o. 1537(o.~2XW*washougal  -
8.55x 10-10( l~~lo-’0)*hatchery  conrnbution  +
5.93x  10%(l.miO-%*flmv

0.6866 < 1.0X10-16

0.7219 < 1.0x10-16

0.7317 <1.0X10-16
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Figure 8: Normalized residual plots for Hilborn model, not adjusted for transportation
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3.3.2 Analysis of Model Used by Hilborn et al. (1993a, b). Adjusted for

Transportation

This analysis was identical to the one in Section 3.3.1, except that the VPA survival was

adjusted for the probability that juvenile fish were transported via barge to below Bonneville Dam

(Eq. 2). As above, we used the model presented in the first draft report (Hilborn et al. 1993b,

Appendix A) and added additional river variables for the analysis of this model in this report.

Indicator variables for release year (P(F13JW > 38.80) < 1.0x10-16) and hatchery P(F5,312 > 7.57) =

9.90xlum) were highly significant and were considered as the base model for aU further analysis

(P(F18,.29) > 34.74) <1.0x10-16)).



Each of the river covariates were tested against the base model with all but temperature

showing significance (Tables 15 and 16). Hatchery contribution was the most sigrdkant  (P(Fl$~9g)

> 38.86) = 1.55x100)) of the additional single river variable models. After hatchery contribution

was included in the model, spill was the most significant (P(FZ,ZW > 27.82) = 9.74x 10-12)); with

flow, turbidity and spill ratio close behind, P(F,2.  > 27.63) = 9.90x10-’Z), P(F2,297 > 26.55) =

2.46x10-11), P(F2,297  >27.34) = 1.26x 10-12), respectively. At the next level of complexity, none of

the additional independent variables were significant and no further analysis was conducted. The

normalized residuals plot (Figure 9) for the best fitting model, harche~  + release year + hadzery

contribution + spill, show an approximately normal distribution of model error, with the vertical

stratification due to the use of indicator variables in the model.

Table 15: Summary of R2 for single river conditions for the Hilborn  et al. (1993a,b)
model (2), adjusted for probability of transportation.

River Condition P Rz

hatchery
Base Model

9.90X1047 0.1082
release yem < 1.0XIU’6 0.6240

log-linear

hatchery contribution 1.55X 10-09 0.7138

tnrbidity 4.29x10aT 0.7031

Base Model spill 8.83x10°7 0.7017
+ I River Condition flow 8.86X 10-07 0.7017

spill ratio 6.05x10W6 0.6980

temperature (C) 0.8742 0.6765
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Table 16: Summary table for best fit models using log-linear response model (2), adjusted for the
probability of transportation. Standard errors of the coefficient estimation are in parenthesis.

Model
No of

Variables Best FMed Modei #
P

Base Model

Base Model +
hatchery
contribution

Base Model +
hatchery
eonrnbution
+ spill

13 y= - 4.409 ho.58n)  - 1.34613(o.nw*re1yr77  - 0.6240 < LOx10-16
1.7753(o.n29)%Jyr78  - 2.1102(0.62~)*ldyr79 -
1.79~o.628n%elyr80  - 1.3147(o.6mn~elyr81  -
2. 1293(o.6wFreiyr82  - 0.7417(o.6m)*relyr83  -
0.8519(o.aw*relyr84  + 0.3772(o.G13G)*re1yr85  -
1.27740.6n@relyr86  - 0.7228(o.5sm~elyr87-
3.143 ho.sllPrelyr88 - 2.07tkko.61?&relyr89

18 y = -4.4091 (0.5M0 - 1.4138(o.mu)*relyr77  -
1.8937fo.mx)*relyr78 - 2.0532(o..w@)*relyr79 -
2.0653(o.am>*relyr80  - 1.48820ssso)*relyr81  -
2.362&o.ww*relyr82  - 1.1498{  o.595sl*relyr83  -
1.25940.wM*relyr84  + 0.005 l(o.wm*@r85 -
1.28560.w~)*relyr86 - 0.7985(omn*relyr87  -
3.2344(o.sm*relyr88 - 2.345  !ho.swn*relyr89  +
1.065(h21~8)’b@hS  + 0.2676(0.~~j)*~litz  -
0.42420.2350) *grays  + 0.0647 (o.]613)*ta.nner +
0.6304(o.~~j~)*w@Ou@

0.6765 <1.0x10-16

19 y= - 6.0999(0.w)  - 0.0635(o.(m.s)*  relyr77 -
&5872(o.mI)*re@r78  - 0.39@ko.mo?)*rely79 -
0.2428(o.63w)*re1yr80  + ().3~(o.mn*reiyr81 -
0.5869(o.Gxn*relyr82  + ().6@9(o.G7g)*teiyr83  +
0.515 l(o.cJ46)*relyr84  + 1.7407(o.&.w*mlyr85  +
O. l%5(o.wm)*relyr86  + 1.238Cko.6rs*relyr87  -
1.265~o.Gxs)*rely  r88 - 0.370510.wIJ)*relyr89  +
0.9403  (o~o]s)*brights  + 0.191 1(0.JI  19)*cowlitz -
0A0520.zl~)*grays  -0.207 i(O.1581)*tWfl  +
0.6019(0.U16}*WmhOU@ -
10.03  x10-10(  1-rmr’9*hatchery  contribution

20 y= -5.98 Ibo.swm - 0.01820.mo)*re1 yr77 -
05458(o.6593)*relyr78  - 0.3847(o.6w9*re1yr79  -
0.3520(o.Gw)*relyr80 +O.1315(o.bI ]a*relyr81  -
0.8637(o.61=)*n4yr82 + 0.446&o.6103)*reiyr83 +
0.22060.6156)*relyr84  + 1.65320aes)*relyr85  +
0.1869(o.m-Io)*relyr86  + 1.0909(ow)*relyr87 -
1.41 120.G141)*@r88 - 0.5105(o,6~z)*relyr89 +
0.9947(o.lsis)*brig,h~  + 0.2333(o.mTj)*cOwli~  -
0.4467(o.2wis)*  grays - 0.1758( o. I~)*tanner +
0.6061 (o~qw*washougal  -

0.7138 < 1.0x10-16

0.7272 < 1.0X10-16

8.55xlo-1”(1.6h@  _’9*hatchery  contribution +
8.74x 10”(mxm%*spill
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Figure 9: Normalized residual plots for Hilborn model, adjusted for transportation.
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3.3.3 Analysis of CWT Observed Adult Counts. Not
Transportation

The independent variables were tested in the model (3),

Adjusted for

one factor at a time for each ref-

erence stock (the slope and intercept were forced together into the model) for flow, spill, turbidity

or temperature. The single-effect models (Tables 17 and 18) showed that flow, turbidity and spill

ratio were significant with three of the reference stocks; while spill, temperature, and hatchery

contribution were significant twice. None of the covariates were significant using the Cowlitz

stock as the reference. The best models, based on the anaiysis  of selected possible models for each

of the four reference stock were: Grays River, temperature and hatchery contribution (P(F~,lJ >

7.09) = 0.0039); Bonneville, turbidity and temperature (P(F~,lQ > 8.15) = 0.0003); Washougal,

flow and spill ratio (P(F~Qz > 8.50) = 0.0006); and Tanner Creek, spill ratio, turbidity and temper-



ature (P(F522 > 15.06) = 1.79x10W). The normalized residuals plot (Figure 10) for the best fitting

Table 17: Summary of Rz for single river conditions for each reference hatchery stock, using log
-linear response model (3), unadjusted for probability of transportation.

River Conditions BomevilIe  Brights Cowlitz &ays River Tanner Creek Washougal

Flow CQ362= 0.1234 Q.~@4 0.3557* 0.3695”

Hatchery Contribution 0.3 146* 0.1077 0.0811 0.3465’ 0.0455

Spiu 0.2348” 0.0624 0.2181 0.4056* 0.1924

Spill Ratio 0.1825* 0.0550 Q,2206* 0.3762’ 0.1227

Tempemmre  (C) 0.0514 0,0805 0.5465’ ().0253 o.~61*

Turbidity 0.4558* 0.1852 Q.~5~5 0.3-433” ().2535*

* Mimes si-mificmce  at p <0.05

models show approximately normal distribution of model error in each comparison. The differ-

ence in groupings for each reference hatchery highlight the non-robustness of reference hatchery

selection.

page 38



Table 18: Summary table for the best models for each reference stock using log-linear response
model (3), unadjusted for the probability of transportation. Standard errors of the coefficient
estimation are in parentheses.

Refemwe No. of
Hatchery %riabies fks Fitted Model R2 P

Bonneville ~ y = 3. 1125(1.Iw) - 1.6%8(0.4191)* turbidity.a  - 2.0123 (14s1To) * 0,4498
Bri.@a

0.0007

turbidity.b
4 y = 2.9043 (MI 13) - 1.89240.4180) * turbklity.a  - 1. 1545( Q0.T7?9)  * 0.5345 ().m3

turbidity.b  + 0.136GoJ 1s3) * tempt.a - 11.3393(7.?263)  * tempt.b

Cowlitz o y = 0.7020(0.1107) O.owlo 1.23 X1O-O6

Grays  River ~ Y = 4.4725(1.11  IZ) - 0.1267  (o.06is)  * tem~.a - 13.6247(3.4638)* tempt.b 0.5-165 O.(XE7

Tamer Creek 1 y = -0.4%7 (o.3mo + 5.2 190( 1.31s0) * spill ratio 0.3:6: O.iXXX

3 jr= - 1.8’797(1.4375)  + 7..5598  (1.654.0)  * spti ratio + 0.2095(0.$l!M  * o.&m9 I .16x10 45

turbidity.a + 55.043 1(1s.3932) * turbidity.b

5 y = 1.l?63(z.m.M)  + 6.0139( 1.48M) * spill  ratio - 0.4767  (0.w) * 0.--39 0.7-39

turbidity.a + 50.98W 1S.4785)  * turbidity.b + ().()3  15(0.0920) * tempt.a

- 14.073Q49549)  * tempt.b

Washou@ ~ y = -0.4806t03643)  + 4.&xlF(l.TX10&) *flm.a 0.3695 0.0050

+ 1.44X l~~,~Xloo5)*flow.b

3 Y = ‘z.OIT@O.631~  + lg.%$Xl~(3.87x10%  *fk)W.a i- Z.9’2X1P(6WX  10” 0.5368 0.0006

‘fi)*flow.b-  4.5242(  1.605 u*spill  ratio
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Figure 10: Normalized residual plots for CWT obsemed adult counts, not adjusted
for transportation
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3.3.4 Analysis of CWT Observed Adult Counts, Adjusted for Transportation

The independent variables were tested in the model (4), one factor at a time for each refer-

ence stock. The single variable models (Tables 19 and 20) showed that spill ratio and turbidity

were significant in four of the reference cases; flow, hatchery contribution and spill were signifi-

cant three times; while temperature was significant only once. The best models, based on analysis

of selected possible models for each of the five referen~e  stocks were: Grays River, temperature

(P(F*,~5  > 9.14) = 0.0024); Bonneville, turbidity and temperature (P(FqJz > 8.57) = 0.0003);

Cowlitz,  turbidity ((P(FZ,Z > 2.24) = 0.0334); Washougal,  flow and spill ratio (P(F~,zz > 10.24) =

0.0002); and Tanner Creek, spill ratio, turbidity and temperature (P(F5LZ > 16.46) = 8.58x10-”T).

The normalized residuals plot (Figure 11) for the best fitting models show approximately normal

distribution of model error in each comparison. The difference in groupings for each reference

hatchery highlight the non-robustness of reference hatchery selection.

Table 19: Summary of R2 for single river conditions for each reference hatchery stock, using log-
linear response model (4), adjusted for the probability of transportation.

River CondiLion Bonneville Bri-@Ls Cowlilz Grays River Tanner Creek U’a.shou  WI

Flow 0.2’761“ 0.2216 0.3201 0.39 16& 0.4634”

Hatchery Confributiem 0.321 1* 0.1307 0.0767 0.3405’ 0.0518

spill 0.V76* 0.1490 (37~5 0.4465’ ()~708-

Spill Ralio (3218* 0.1372 (3?863 * 0.4165’ “,~53.

Temperxum  (C) 0SM50 0.1003 0.5534” 0.0249 o,~~.

Turbidity 0..$744” 0.255~ 0.2s98 0.3.$86” 0.307-”

* indkates sipificance  at p <0.05
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Table 20:
model (4),

Summary table for best models for each reference stock using log-linear response
adjusted for the probabili~  of transportation. Standard errors of the coefficient

estimation are in parentheses.

Refemvwe No. of
Hatchery Variables Best Fhted Model R2 P

Bomeville Bri@Its ~

-$

Cowlitz ~

Gay’s  River ~

Tanner Creek 1

3

5

Wmhou@

y = 3.01220.1s51) - 1.8185 (0.wo * turbidity.a  - 5.60820ww  *
turbidity.b

y = 2.74Z21.932V - 2.0205 (0.wz) * turbidity.a  + 5.3 198( N.oo~I) *
turbidity.b  + 0.1401(0.1196) * tempt.a - 11.1532(7.3078)* tempt.b

y = 1.69840.wo) - 0.548Qo.i9ij)  * turbidity.a  - 7.4407( 6.57ss) *
turbidity.b

y = 4.3101(1.1511) - 0.1437 (0.0;03)  * tempt.a - 14.071&33883)*
tempt.b

Y = -I .0189(03210)+ 5.678@ M181) * spill raao

Y = -2.4282(  1.J36s)  + 80425( 1.6w) * spill ratio+ 0.2172(  o.~190) *
turbidity.a  + 55.2616 Ij.3sox  * turbidity.b

y = O.6O17C1OI9) + 6.5 107( 1..nsv*spiU ratio - 0.4709(0.*39)  * tur-
bidity.a +50.7643(15.4591) * turbidity.b  + 0.03620.m19)  * tempt.a -
13.9241 (wwK)  * teqx.b

Y = -1.1522(0.3w)  + 5.70x10%,i.w~lo% * flow.a  + l.62xl0-
%.43x  106) * flow.b

y = -2.5155(o.mz) + 14.82x  IO%.S6.10% * flow.a  + 2.93x1(T
‘(6.57x1@) * flow.b  - 4.01441.6oI~) * spdl ratio

0.-$?44 0.0004

0.6092 0.0003

0.2559 0.0334

0.5534 0.0024

0.4165 0.0002

0.621 2.(%10-10

0.:891 8.58.10-o-

0.4634 O.ocm

0.5826 0.01X)2
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Figure 11 :Normalized  residual plots for (2WT observed adult counts, adjusted for transportation
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3.3.5 Analysis of VPA Estimates, Not Adjusted for Transportation

The independent variables were tested in the model (5), one factor at a time, foIlowed by

stepwise addition. Results (Tables 21 and 22) indicate that hatchery contribution was significant

in three cases; while spill, turbidity, temperature, spill ratio, and flow were significant in two cases

each. When the Cowlitz  Hatchery stock was used as the reference, none of the independent vari-

ables were significant. The best models, from analysis of selected possible models (Table 22) for

each reference stock (except Cowlitz),  were: Grays River, temperature and hatchery contribution

(P(F,,l,  > 5.67) = 0.0093); Bonneville, hatchery contribution and spill ratio (P(FZ2, > 10.61) =

0.0005); Washougal, temperature and spill ratio (P(F~,zz > 3.20) = 0.0432); and Tanner Creek,

hatchery contribution, spill ratio, and turbidity (P(FJ,n > 15.85) = 2.31x1O*). Temperature and

hatchery contribution were the most common variables included, though not always the most sig-

nificant factor. The normalized residuals plot (Figure 12) for the best fitting models show approx-

imately normal distribution of model error in each comparison. The best model using Cowlitz

hatchery as a reference stock had only an intercept, thus the straight vertical line in the residuals

plot. The difference in groupings for each reference hatchery highlight the non-robustness of ref-

erence hatchery selection.

Table 21: Summary R2 for single river conditions for each reference hatchery stock, using log -
linear response model (5) using VPA estimates, unadjusted for probability of transportation.
Asterisk indicates factors significant at P S 0.05.

River Condition Bonneville Brights CmvliIz GmYs River Tanner Creek Wasbougal

Flow 0.1994 0.0507 0.1869 o.3i31 * 0,~78

Hatchery Contribution 0.4277” 0,0365 0.2198* 0.4016’ 0.0237

spill 0.2370 * 0.0811 0.1850 0.-I277* 0.1387

Spill Ratio 0.1677 * 0.0569 0.1682 0.3852” 0.1293

Tempera-  (C) 0.0714 0.0202 0.358.5” 0.0157 0.2738=
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Turbidity 0.4256 * 0.0733 0.1:70 0.3655” 0.1581

* indicates si,gnificsnce  asp <0.05



Table 22: Summary table for the best modeis for each reference stock using log-linear response
model (5) based on VPA estimates, unadjusted for the probability of transportation. Standard
errors of the coefficient estimation are in parentheses.

Reference No. of
Hatchery VariabIes Best Fitted Model

Bomeville  Brights 1

Cowlitz o

Grays River 2

3

Tanner &k .1

2

4

Washougal 2

y = 4.2971(1.ww - 1.25 X100(MSX10-[’3  * hatchexy
cmnrnbution

y = 0,7573(0.1369)

y = 3.5152(1.3263) - 0.06960.0810)* tempt.a -
11.6397(4.IM3) * tempt.b

y = 6.0523 [1.554s)  - 0.0581(0.0705)  * temW.a
11.263&wm}  * tempt.b - 7.13 Xl(J10C.93~IO19  *
hatchery conrnbution

y = 5.5777 (1.2ss)  - 11.35x10-10(2.7&10-19  * hatchery
contribution

y = 3.96521.ww - 9.29x10-10 (z.zlxlo-’9*hatchery
conrnbution + 4.2377( MM23)*spill  ratio

y = 1.4096(1.9381) - 5.31xlo-%.44xlo-’9*hatchery

conrnbution+ 6.0783( I.m l)*spill ratio +
0.0587(o.wj9)*mrbidity.a  +
37.2807(16.18w*turbidity.b

y = s.ol~o.8743) -0. 1503(o.0512J*tempc.a  -
3.4707(J.wm*tempc.b

0.4277

0.0000

0.3585

0.5487

0.4016

0.6398

0.7338

0.2738

0.0002

9.48x10-W

0.0358

0.0093

0.0003

2.86x10a6

2.31x 10%

0.0253
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Figure 12: Normalized residual plots for VPA estimates of survival to age 2, not adjusted
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3.3.6 Analysis of VPA Estimates, Adjusted for Transportation

In keeping with the previous analyses, each independent variable was tested in model (6)

starting with a single-factor. Results (Tables 23 and 24) indicate that flow and spill ratio were sig-

nificant with three of the reference stocks; while hatchery contribution, spill, turbidity and tem-

perature were significant in two cases each. When the Cowlitz  Hatchery stock was used as the

reference, none of the independent variables were significant. The best models, from the analysis

of selected possible models (Table 24) for each reference stock were: Grays River, temperature

and hatchery conrnbution  (P(F~.lq  > 5.60) = 0.0098); Bonneville, hatchery contribution (F’(Fl .Z5 >

19.05) = 0.0002); Washougal,  flow (P(FZ.X > 5.05) = 0.0152); and Tanner Creek, spill ratio,

hatchery conrnbution  and turbidity (F’(FA,U > 17.48) = 1.03x10ti).  Hatchery contribution is the

most common variable included, though not always the most significant factor. The normalized

residuals plot (Figure 13) for the best fitting models show approximately normal distribution of

model error in each comparison, The difference in groupings for each reference hatchery high-

light the non-robustness of reference hatchery selection.

Table 23: Summary of R2 for single river conditions for each reference hatchexy  stock, using log-
linear response model (6) based on VPA estimates, adjusted for probability of transportation.

River Condition Bammwille
BrighLs

COwlitz
Grays Tanner
River creek

\VashOu-@

Flow 0.0555* 0.1081 0.2438 0.3:86” 0.3052”

Hatchery Conu-ibution 0.4325” 0.049- 0.2072 0.3T.7” 0.0157

spill 0.2:91 ‘ 0.1542 0:456 0.-$6s-” (j~l19

Spill Ratio 0.0053 0.1216 (J,?J()~. 0.4>3” oJo36*

Temperature (0 0.0592 0.0279 0.368+ 0.01285 0.2858’

Turbidity 0.46s2” 0.1111 0Z091 0.3692= 0.1983

“ indicales significance at p <0.05



Table 24: Summary table for best models for each reference stock using log (VPA ratios)
adjusted for the probability of transportation as the response variable y = log (Priest Rapids VPA/
reference stock VPA). Standard errors of the coefficient estimation are in parenthesis.

Reference Xo. of
Hatchery VSriables Best Fitted Model R2 P

Bonneville Brights 1

Cowlitz o

Grays  River ~

3

Tinner Creek I

2

4

%shougsl

y =4.0313(1.3782) - 1.29X 10a9(mXIO-10)  * hatchq  contribution 0.4325 0.0002

y = o.315@o.1423) o 0.036?

y = 3.35300.x73  - 0.0865 (0.0s35) * tempt.a - 12.0867(Mm * 0.3689 0.0317
tempt.b

y = 5.8938(Mns) - 0.075 @o.0735) * teqza - 11.7102(3.7472) * 0.5455 0.IX198

tempt.b -7. 14X10-1 *(3.06X 10-IIJ) * hatchery conrnbution

y = -0.932Lko.Nfi)  + 5.7039(130031 * spill ratio 0.4253 0.0002

y = 3.4641  (1.067z)  + 4.6919( 1.039s) * spill ratio - 9.33 X10-lo@ oxIo-19 0.6653 1.14xlo~
* hatchery conrnbution

y = 0.89341.9343)+ 6.5456( 1.61z+  * spill ratio 0.7018 1.03xlo~

- 5.37x 10- 10(Z.44XIO-19 * hatchery contribution
+ 0.0649(0.3751)* tnrbidity.a + 37.3059(16.1510 * turbidity.b

y = -0.9249(0.4483) - 5.41 X10w(L81x10%  * flow.a 0.3052 0.0152

- lS.46X@5(5.63XIO%)  * flow.b

Figure 13: Normalized residual plots for VPA estimates of survival to age 2, adjusted for transpor-
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4. DISCUSSION

All of the river covmiates  used in this study were significant in some portion of the analy-

sis. The variable that was most often significant across models (3-6) was temperature, followed by

hatchery contribution, then spill ratio, turbidity and flow, in descending order. For the Hilbom  et

al. (1993) type models (l-2), hatchery contribution accounted for most of the variability followed

by turbidity, then flow. It is interesting to note that hatchery contribution was consistently imp or-
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tant in most of the models. Some of the differences between models (1-2) and (3-6) maybe due to

the way in which the river variables were characterized. In the models (3-6), slope and intercepts

for flow, temperature, and turbidi~  were treated as independent variables; while in the Hilborn et

al. (1993) models (l-2), averages were used.

Best-fit response models did not change between analyses that adjusted and did not adjust

for the probability of transportation at McNary  Dam (Table 25) for most of the different reference

hatchery stocks. This was not surprising, since the adjustment for transportation was nearly con-

stant over the time period of this study. However, the best fit response model did change, whether

CWT data were converted to VPA survival estimates or not. The Hilborn et al. (1993) models (l-

2) also yielded different best-fit models than modeIs (3-6). Furthermore, the resultant response

model was quite sensitive to which reference stock was matched with the upstream Priest Rapids

stock. No two reference stocks yielded the same choice of best explanatory variables. The purpose

of repeating the analysis with each of the reference hatcheries was to determine robustness.

Unfortunately, this was not the case, re-enforcing the fact that the lack of homogeneity in marine

recoveries found between the Priest Rapids and the reference hatcheries would influence any anal-

ysis comparing survivals. These reuospect.ive and correlative analyses can yield widely varying

results dependent soiely on choice of statistical analysis and reference hatchery. The wide ranging

results depending on choice of reference stock invalidates the findings of the individual regression

analyses. There is no basis to conclude the results from any one reference stock are any more reii-

able than another.
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Table 25: The significant river covariates that enter into the “best” model for each type of response
model and reference stock.

Hdbom  et al. ( 1993) Models

Model (1)
Referenm  Stocks VR+ Ratio

.Model  (2)

(unadjusted)’
VIM Ratio (adjusted) b

Au hatchery contribution hatchery conu-ibution
+ f low + spill

Skalski/Townsend  Response \lodel

Model  (3) Model (4) Model  (5) Model (6)
Referen=  Stocks Observed Count Ra[io Observed Couru  Ratio VI++  Ratio VP.* RaliO

(unadjusted)’ (adjusted) b (unadjusted)’ (adjusted)b

Grays R]ver rempermure kmpewure  + hatchery temperature + hatchery temperature + hatchq
contribution contribution contribution

Bonneville Bri:@s turbidity + tempersrum turbidity +tempersttu-e hatchery contribution halchery  contribution

Cowtitz none turbiditv none none

Washou@ flow + spill ratio flow + spill ralio temperature flow

Tanner Creek spill ratio +mrbidiq  + spill ralio  + turbidi[y  + hatchery contribution spill rstio + hatchery
temperature rempemure + spill ratio + tm%dity contribution + turbidity

a. Priest Rapids adult summmls not adjusted for the probability of transportation
b. Priest Rapids adult survivals adjusted for the probability of transportation.

Despite initial hopes, the regression analyses conducted in the study indicated that the

model results were highly dependent on the choice of reference stock. Rather than find the regres-

sion results robust to the choice of reference stock, the number and array of independent variables

entering the regression models varied widely. Using Cowlitz Hatchery as the reference stock,

none of the independent variables were found to be significantly correlated with estimated smelt

survival. With the other reference stocks, the selection of individual variables also differed

between stepwise regression models. With the other reference stocks, one to four independent

variables entered the stepwise regression models. No convincing reoccurrence of independent

variables suggested one or more key factors were predominantly related to smelt survival.

This analysis, rather than identifying potential key environmental factors influencing
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smelt survival and establishing working hypotheses on possible mechanisms for further testing,

found posthoc studies using upstream-downstream pairing an unsuccessful avenue of investiga-

tion. This study had the choice of thirty-three reference stocks. Even with this large number of

choices, the five best matched reference stocks had highly significant differences (P << 0.001) in

ocean distribution compared to Priest Rapids, and yielded widely different conclusions. The con-

clusions from any one reference stock could have been badly misconstrued if sensitivity studies

had not been conducted. The choice of reference stock is so influential on the regression results

and so highly variable as to render the analyses umeliabie. Consequently, our findings are not

encouraging for other investigators planning similar correlative investigations.

Finding two stocks that show similar ocean distributions but differ in-river rearing envi-

ronment appears a limitation of this paired-stock approach. The assumption of ocean mixing is

needed because CWT data do not readily lend themselves to analyses that can separate out sur-

vival effects from harvest effort. Return rates on CWT releases are a composite of survival, har-

vest, and sampling effort. Without precise information on fishing effort to adjust the catch, the

CWT data confounds changes in survival with differential fishing vulnerability. Hence, as long as

ocean distributions differ, the potential exists for differential harvest confounding perceived

changes in CWT return rates. The widely differing results we obtained with the reference stocks

that had different ocean distributions suggest this is a problem.

The analysis suggests several possible directions for further research. This study used a

correlative observational study to identify important smelt survival relationships. The many con-

founding and overlapping environmental factors inherently limit the success of this approach.

Instead, an experimental approach to test working hypotheses concerning smelt survival would be

preferable.

The proposed experiment could possibly involve rearing up-river brights in both upstream

and downstream hatcheries simultaneously and/or doing the reverse with a tule stock. An obvious

candidate stock is the Bomeville  brights. They are reared at Bonneville Darn and are probably

composed of many di.tTerent  upstream stocks. The Bonneville bright stock is sufficient y success-

ful to occur in fairly large numbers; and given their possible origins and their current rearing loca-
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tion in a lower river hatchery, they would probably do well in both up-river and downriver

settings. The next issue would be how to control the river variables. To be done successfully, the

interaction of the river variables would need to be controlled in a way that would allow them to be

sorted out.

The Columbia Basin fisheries community would need to have the conviction to replicate

and manipulate river conditions over many years and wait even more years for adult fish to return.

To resolve some of the difficulties in interpreting CWT returns, auxiliary information on fishing

effort and fleet distributions would have to be collected over the years of the study. Onboard Glo-

bal Positioning System (GPS) and PIT-tag scanning should be investigated to improve the quality

of harvest data. These and other steps may be needed to unravel in-river survival relationships

based on adult return information. This retrospective analysis of historical CWT data suggests

existing databases and correlative investigations may shed little light on in-river sumival  relation-

ships.
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Abstract

We explored the relationship between Columbia River flow, and survival from
hatchery release to recovery of adults in catch and escapement for Columbia River
chinook salmon. The only hatchery that was above the lower river darns and had a long
time series of coded * tag (CWT) release groups was the fall chinook stock at Priest
Rapids hatchery. The survival as estimated by virtual population analysis (WPA) does
show an increase with incmsing flow. However, it is clear that major changes in survival
at Priest Rapids hatchery were also seen in lower river hatcheries, and are presumably due
to changes in general ocean condition. To correct for these ocean changes, we used lower
river hatcheries as conmols  on ocean condition. The relationship between flow and
survival when corrected for ocean condition shows a stronger corrdation, which is highly
significant. The slope indicates that an increase in flow of 100,000 cfs at McNary  darn
would result in 65% increase in survival of Priest Rapids hatchery fish.

We explored the sensitivity of these results to the choice of statistical models, and
the inclusion of experimental CWT groups. All sensitivity tests we conducted indicated a
si-mi.flea.nt relationship between flow and sumival.  The srudy does have a number of
weaknesses, including the fact that only the Priest Rapids  hatchety  stock was available to
test the reimionship  between flow and survival, and this stock passed only through the
four lower river dams. No Snake River or upper Columbia hatchery stocks were avadable
for testing. Further, there are a number of weaknesses in the use of the CWT data base,
which include problems in recreational catch sampling, interdam  loss of migrating adults,
and escapement sampling methods.
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Introduction

Columbia River salmon have been fished for perhaps thousands of years. With the
arrival of western European settlers the magnitude of the exploitation increased
dramatically. At its peak, the Columbia River salmon stocks produced catches of over 6
miIlion fish from 5 species (Chapman 1986). The peak catches for each species occurred
at different times over a period of about 30 years centered around 1900. Chapman (1986)
estimated that total return to the Columbia River, catch and escapement, was in the
neighborhood of 7.5 million fish. The five species of salrnonids  native to the Columbia
River are chinook salmon (Oncorhynchus  rshmvyrscha),  chum salmon (0. kera), sockeye
salmon (0. nerka),  coho salmon (O. ksutch),  and steeIhead  trout (0. rnasu).  Chinook
salmon aIE recognized as having two distinct life histories, ocean and stream. When
discussing Columbia River chinook, fisheries managers commonly refer to three races
based on time of the return migration: spring, summer, and fak Spring chinook have a
stream-we  life history, fall chinook have an ocean-type history, and the summer stocks
are a mixture of the two. After emergence, stream-type juveniles spend one year in fresh
water, generally in a tributary sttmrn, before mi-grating  to sea, and are known as
“yearlings”. Ocean-type juveniles, termed “sub-yearlings”, out migrate at the end of the
fwst summer.

Beginning about the turn of the century, catches be@n  to show a downward  Uend
although  the annual fluctuations continued. The adults that migrate into the river during
the summer have suffered the most (Thompson 195 1), declining to very low numbers.
recovering slightly in 1959 and then declining again (Chapman 1986). Most authorities
(e.g. Laythe et al. 1948, NTVPPC. 1986) have attributed the decline in chinook runs to a
wide variety of causes including deforestation, farming, mining, pollution, over-fishing,
unscreened water diversions and consuuction  of dams - the last considered to be the
major conrnbutor.  To overcome these problems, Laythe (1948) suggested a mitigation
progarn  in the lower river which included screening, water diversions, and habitat
protection, as well as the construction of fish hatcheries. The hatcheries and lower-river
efforts were never fully implemented and by the mid- 1970’s the runs of chinook salmon
to the mid-Columbia were at extremely low levels. The use of hatcheries to increase the
runs had proved relatively unsuccessful.

Studies were initiated on the swwiving chinook salmon stocks in the mid-Columbia
River from Bonneville Dam to Grand CooIee Dam. Raymond (1969, 1979, 1988) srudied
the effect the dams were having on travel time of the out migrant smelts. Two major
findings from his work were (i) wild stocks had better stmiva.1 compared to hatchery
stocks, and (ii) impoundment of water behind the dams slowed out migration and were
thought to reduce suival.  The direct effect of river discharge on downsmearn movement
of salmon fry has been studied by a number of investigators (hine 1986; Giorgi et al.
1990: Raymond 1968; Park 1969; Stevenson and Olsen 1991) with varying results. Giorgi
et al. (1990) investigated the relation of flow to travel time of sub-yearling chinook salmon
and were unable to conclude that changes in flow were related to changes in travel time;
however they did note that fish moving out in the early part of the summer had higher
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survival to adulthood compared with those that out migrated later. Raymond (1969)
found that the John Day Reservoir increased the travel~me  of out rnig&nt smelts-from 14
days to 22 days for that smetch  of river. Stevenson and Olsen (199 1), experimenting with
different flow regimes in John Day Reservoir, were unable to demonstrate a solid
rdationship  between flow and travel time. Park (1969) concluded tha~ with the advent of
dams, the peak flows were reduced, turbidity was decreased, predation and disease
increased, and that “an almost continuously impounded river, with resultant trends toward
wan-ring water and increased numbers of predators, and other complex changes in the
environmen~  could eventually jeopardize the existence of the chinook sairnon in the [mid]
Columbia River.”

There is little question that the downriver movement of the juveniIe  salmon has
been slowed by the construction of dams (Raymond 1979; Ebel and Raymond 1976). For
each darn constructed above Ice Harbor dam on the Snake River, the travel time was
increased by about 50% or more (Ebel and Raymond 1976), or an average delay of 8 days
per resemoir.  Raymond found that migration rates for juveniles were on the order of 40
to 55 km/day for both free flowing and impounded stretches at moderate river flows
(about 8,500 m3/sec.),  and in the range of 24 to 27 km/day at low flows (about 4250
m3/sec.).

While the hypothesis that flow and ~avel time are inversely related is viewed as
basis for present river management, the situation is not as clear as might be hoped -

a

apparently confused by confounding variabIes. For example, travel time is related to the
condition of the juveniles at time of migration. Their physiological condition is related to
water temperature which in turn is related to the time of year (Giorgi  et al. 1988). The
later in the year, the faster the juveniles appear to migrate (Chapman et al. 1991).

In an effort to shed light on a complex situation and to prevent continuing erosion
of Columbia River salmon runs, Congress passed the Pacific Northwest Elecrnc  Power
PIarming and Conservation Act in 1980 which authorized the states of Idaho, Montana,
Oregon and Washington to create a entity to plan for two important resources in the
Columbia River basin: electricity, and fish and wildlife. The entity created was the Pacific
Northwest Elecrnc Power and Conservation Planning Council, best known as the
Northwest Power Planning Council. To emphasize the impormnce  of fish and wildlife,
Congress mandated that the Council develop the Columbia River Basin Fish and Wildlife
Program before developing a power plan.

The Council has established the doublirtg of the salrnonid runs of the Columbia
River as a primary goal of its Fkh and WiIdlife Program. Achievement of this objective
could result from: (i) an increase in the production of hatchery salmon, (ii) increases in
the production of natural spawning salmon, and (iii) increase in the downstream stuwivaI
of juveniles. All three factors are likely to be involved in a truly successful stock
rebuilding effom Many management actions have been taken in an attempt to increase
downstream suxvival, including: (i) fish bypass facilities: screens that divert juvenile
salmon from the turbines, passing them through the dam in a separate water system, (ii)
transportation: juvenile salmon collected at the fish bypass facilities and transported via
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barge below Bonneville Dam where they are released; (iii) increased flow during periods
of smelt migration: augmenting the spilI  of water over the dam bypassing the turbines; (iv)
predator control: reducing the population of northern squawfish (Ptychocheilus
oregonen.ri.r)  in the reservoirs. Each of these actions is directed toward increasing the
suival of fish from the time of release until they enter the lower river below Bonneville
Darn. While fish bypass facilities have been evaiuated  using fm-cIipped  or freeze-branded
fish, and transportation evaluated using coded-wire-tags, to date no attempts have been
made to evaluate increased flow or predator control efforts.

One of the guiding principles of the Fish and Wildlife Plan is adaptive management
- learning by past actions. Until managers are able to evaluate reliably the effectiveness of
their actions, learning will be slow. Changes in flow and other factors associated with
downstream survivals to some extent can be evaluated by in-river mark recapture
experiments, and such experiments are certainly an essential part of any well-desi~aed
attempt to evaluate water flow. However, this is not practical on a big enough scale to
encompass all hatchery stocks, nor would such an in-river mark recovery program
measure impacts that might occur once the fish leave the river.

Most studies of the relationship between flow and survival have concentrated on
in-river measurements and comparison, primarily using freeze branding to measure travel
times. Such studies have no way of examining the impact of changes in flow on survival
after the fish pass through the dam system. A potential source of such data is the coded
wim tag (CYVT) data base. Since the early 1970s thousands of groups of hatchery and
wild fish have been tagged on the Columbi&  and the commercial and recreatiomd  fisheries,
and escapements to hatcheries have been systematically sampled to obtain tag recoveries.
CWT data have been routineiy used by the Pacific Salmon Commission (PSC) working
groups to estimate survival of Columbia River stocks.

The purpose of this study is to investigate the potential for using the CWT data
base to examine the relationship between in river factors (especially flow) and sumival  in
Columbia River chinook salmon.

Methods and ResuIts

Estimating Survival from Coded-Wire-Tag data

Since the early 1970s approximately 2600 individual groups of chinook salmon
have been marked with CWTs on the Columbia River. These tags have been applied
primarily at hatcheries, although there has been some marking of wild stocks, and some of
fish collected at darns. The motivation for tagging has been quite diverse, but most tags
have been applied to compare experimental hatchery treatments, such as size and time of
release, feeding regimes, or other hatchery practices. The data base on CWT data
denotes three primarily types of tag~ng, experimental, production and index.
Experimental tag groups are those mentioned previously, where agencies are
experimenting with hatchery practices in some way. Production groups are fish reared
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under normal hatchery conditions and tagging is done in order to determine the
conrnbution  of the bulk of the hatcheries rdease  to fisheries and return to escapement.
Index tag codes are specflcally  designated for use in evaluation of fishery management
practice.

For the purposes of examining the impact of in-river conditions on surviwd,  the
production and index tag codes are preferable because they have not been subjected to any
experimental tmim-nents.  However, many experimental groups appear to have similar
swvival  to the hatchery production groups, and since far more releases are experimental
than either production or index, we may not want to exclude experimental groups out of
hand.

Since the aim of this project is to examine the relationship between in-river flow
and the subsequent survival, we must have CWT groups released from a range of flow
conditions. Figure 1 shows the average flow at McNary dam in May, fkom 1976 to 1989.
The amount of variation in flow is not grea~ but there is a little more than two times
variation from the lowest year, 1977 with a flow of 150,000 cfs, to the highest year 1976
with an average flow of 350,000 cfs.

Figure 1 near hera

The highest flows occur in May and June, with declining flows in JuIy and Au.gMt-
Figure 2 shows the seasonal pattern of flow for 1976 to 1988. There is a high correlation
in flows between months (Table I), generally 0.8 or higher.

Figure 2 near here

Table 1 near hera

We searched over aIl available CWT codes for hatcheries that met two conditions,
(1) the hatchery must be upstream of McNary dam so that the juveniles had to pass
through the four lower river dams at a minimum, and (2) there must have been non-
experimental tagging  over a number of years with contrast in flow.

Unfortunately, only priest Rapids hatchery met these conditions. None of the
Snake River hatcheries had consistent enough tagging to provide a usable base of data,
and none of the other hatcheries on the mainstem  above McNary darn had more than
occasional tagging. Priest Rapids, in comparison, had consistent production or index
tagging from brood year 1975 to the present time. Only three of the tag groups at Priest
Rapids hatchery were experimental. In recent years a number of other hatcheries have
begun systematic tagging of index or production groups, and within 5 or 10 years there
wiIl be a much bigger base of available hatcheries. However, at presen~ only priest
Rapids hatchery provides enough tag groups over enough years to examine the
relationship between flow and survival

For any CWT group, we can estimate the survival from release to any arbitrary age
using the method of Virtual Population Analysis (vPA). This method is routinely used for
chinook salmon by the Chinook Technical Committee (CTC) of the Pacific Salmon
Commission (PSC), and the method is described in Hilbom and Walters (1992). Because
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chinook salmon mature at a variety of ages, the most common convention is to caIculate
survivid to age 2 (S) using the following equation:

(1)
~=N2

. .

-T
where N2 is the number of individuals surviving to age 2, Ra is the number of tags

in the catch and escapement at age a, Pa is the probability of surviving from age 2 to age
a, and T is the total number of tagged  fish released. This equation assumes that the Ps
are known, and that there is no loss of fish except to capture and escapement, and that all
fish spawn by age 6. The estimates of S naturaIIy  are sensitive to the assumed probability
of survival from age 2 onward, but if we consider S to be an index of su.twival,  then the
choice of Ps makes little difference in the relative survival. We used the same Ps as the
CTC which are 1,.6,.42,0.336 and 0.3024 for ages 2,3,4,5 and 6 respectively.

The two factors not included in the method described above are incidental fishing
mortality and inter-darn loss during up-river migration. The CTC has developed a variety
of methods to deal with incidental fishing mortality which rely on a number of
assumptions. We have chosen to ignore incidental fishing mortality  pnmariIy  because we
will be comparing survival of different code groups subjected to the same fisheries, and
changes in incidental fishing mortality will affect all groups equally.

Appropriate statistics and results

Figure 3 shows the relationship between the flow at McNa.IY dam during the
month a CWT group was released, and the estimated stuwival for that CWT group using
the VPA equation given above. The solid line is the best linear re.gession  fit. The
estimated intercept is 0.02 so it appears the line passes through the origin. We see a
general trend towards higher survival with increasing flow, but there is considerable
scatter about the graph, with the data points for 1977, 1984 and 1985 all lying well above
the best fit line, and most other points lying below.

Figuro  3 near here

We could calculate the statistical significance of the regression shown in fi~re 3,
and use this to test the hypothesis that there is a significant relationship between flow at
McNary darn and the sumival  of the fish released from Priest Rapids hatchery. There iue
three major problems with such an approach. Fret, hypothesis testing is inappropriate for
decision-making, while the major interest in the rdationship  between flow and survival is
due to the need to make decisions about the management of the hydroelecrnc  system.
Second, it is statistically inappropriate to use survival rates as the y variable in a linear
regression. This i~ores both the potential for differential reliability of different stuvival
rates, and the fact that survival rates cannot have values less than zero. Third, many of the
changes seen in survival at Priest Rapids hatchery have been seen at other chinook
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hatcheries on the Columbia River which are below the darn system. Therefore some of the
changes seen in survival couId result from changes in ocean rather than in-river conditions.
In trying to determine in-river su.mival  changes, we fmt must attempt to correct for ocean
changes. We will deal with each of these problems in turn.

The traditional mode of statistical analysis in fisheries biology is hypothesis testing
which typically considers two hypotheses, the nulI hypothesis, that them is no relationship
between flow and smival,  and the working hypothesis, that there is a relationship. first
one chooses an a level, the probability of rejecting the nuIl hypothesis if it is true, and then
determine p, the probability that the data could have been obtained if the null hypothesis is
true. If p is less than a the nulI hypothesis is rejected and one concludes that flow tiects
st.uvival.

Such an approach has little if any utility, particularly in the context of natural
resource management (Hilbom  and Ludwig, 1993). FmL one must determine a, a totally
arbitrary decision. Secondly, if we fail to reject the ntdI hypothesis, do we act as if there is
no relationship between flow and survival? If we do reject the null hypothesis, how much
flow do we allow?

The appropriate statistics for analysis of decisions is statistical decision theory
(Raiffa 1968). One examines the consequences of aitemaave  actions for different possible
states of nature (relationships between flow and survival). Statistical decision theory
considers a wide variety of alternative states of nature and theti probabilities. The
appropriate product for use in statistical decision theory is the probability distribution of
different relationships between flow and sumival.  Rather than considering only a null
hypothesis and a working hypothesis, rejecting one and accepting the other, we want to
determine how Iikeiy ahemative states of nature are. Berger  (1985) provides a reference
on statistical decision theory, and Hilbom et al. (1993) provide a discussion and exampie
of how these methods can be used in fisheries managemen~

As a simple example, consider that the only parameter of interest is the slope of the
flow-st.uwival  relationship. We want to estimate the probability of different slopes. The
appropriate model (ignoring the considerations regarding using sumivzd  as the y variable
mentioned above) is

(2)

where Sg is the predicted survival rate for code group g, a is the slope beween
flow and survival, F is the average survival for the data se~ Fg is the flow affecting code
group g, r is the average flow, and eg is a norrnaIly disrnbuted  random error. The
likelihood of the data for any value of a is the norr@ likelihood

(3)
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If we consider a set of discrete hypotheses about the slope, and assume that we
know c, then the Bayes posterior distribution for any given level of a is

Pr(a,lS)  =
L(siai)Pr(fzi)

~L.(SILZj)Pr(aj)
i

(4)

where Pr(ai I S) is the posterior probability disrnbution  for a and Pr(ai ) is the prior

probability we assign to alternative a values. If we consider n discrete hypotheses about a,
and assign them equal probability I/n, we can compute the Bayes posterior probability
from the data shown in Figure 4.

figura  4 near here

We cart see from Figure 4 that it is most likely that higher flows have been
associated with higher survival. A traditional statistical analysis would reject the
hypothesis that there is no flow-survival relationship at an a of 0.05, but faiI to reject the
hypothesis at a=O.01.  The probability disrnbution  shown could be used by decision
makers to weigh the consequences of alternative flow regimes. This example ignored two
major considerations mentioned above, the statistical propmies of survival estimates, and
the trends in ocean su.mival  seen in other hatchery stocks on the Columbia River.

Appropriate statistical model

Survival rates for the CWT groups are not directly observed, but are computed
using equation 1. What is actually observed is the number of tags recovered from catch
and escapement sampling, the number of marked fish released, and the propornon  of catch
or escapement that is actually sampled. The two most common methods of dealing with
sumival  data are to use either arcsine or logit transforms. However, with the advent of
modem desktop computer hardware and software, many explicit statistical modeis  can be
applied to survival data. Lebreton et al. (1992) review general procedures for mark-
recapture analysis, while Green and MacDonald (1987), and Cormack and Skalski (1992),
Schnute  (1992), and Pascual (1993), speci.tlcally  discuss CWT data. All of these methods
model the number of observed recoveries as a multinominal or poisson process. The basic
likelihood of the observed recoveries, given the predicted under the poisson probability is

L(OIE) = ~ (5)

where O is the number of observed recoveries and E is the number of expected
recoveries under the hypothesis. The expected recoveries can be written as:

E=Ts~
f

(6)

where T is the number of tags released, s is the survival, and f is the proportion of
catch or escapement that is sampled for tags.
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The methods described in Green and McDonald (1987), Cormack  and Skalski
(1992) and Pascual all consider a large number of spaa%me strata for recovery of tags.
We wiIl empIoy this method in a later section, but first we will use the basic approach to
consider the overall survival rate in a realistic statistical context.

In the VPA we used the number of estimated recoveries by age (Ra), and inflated
these by the estimates of survival to anive at an estimate of the number dive at age 2. We
could consider the number aIive at age 2 (N2) of equation 1 as the “observed” recoveries
and treat them as poisson  disrnbuted  random variables. In tmli~, only a fraction of the
catch or escapement is sampled – commercial fisheries are usually sampled at about 20%,
while escapement may be sampled at a higher rate. In our first analysis, we have assumed
that the actual “observed” recoveries is 20% of N~ -- that is:

O=P2

E=Ts~
f

f=().~

(7)

We then can calculate survival as a function of flow, use the sutvival  term in
equation 7 to obtain predicted recoveries, then use equation 5 to calculate the likelihood
analogous to equation 3. Ln the next section we will write the entire likelihood.

The muitinomial  and poisson probabilities are the most frequently used for mark-
recapture analysis and m usually justified based on sampling theory. However, when
there are sources of error other than sampling, the variance in the data is often is much
higher than predicted horn muIanomiaI or poisson disrnbuaons.  This is almost always the
case in ClVT’ data, where variability in number recovered often comes more from sampling
than from variation in survival rates (Pascual  1993). Statistical tests of hypotheses thus
are performed using the scaled poisson distribution which allows for over-dispemion.  Use
of the scaied poisson is discussed later.

An alternative to the scaIed poisson distribution is to treat the observed recoveries
as Iognormal variables. The lo-gnormai is a robust statistical model that is frequently used,
however, it does not perform weIl when individual observations are few and cannot be
used at all when there are zeros in the data. In the case of our data there are no zeros, so
we can use the lo=wonnal model as an alternative to the poisson model. The Iognoxmal
likelihood is:

L(OIE)=~
exp((ln(0)  - In(E))’ ~

GJ5-i 202
(8)
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Correcting for trends in ocean survivaI

Figure 5 shows the trends in survival estimated from VPA for a number of
Columbia River chinook hatcheries. These data include aU CWT groups, including
experimental groups. Priest Rapids, Cowiitz  and Washougal  all show unusually good
survival among fish released in 1985 and 1985 and poorer survival among fish released in
1986 and 1987. The Gmys hatchety  does not show this trend+  and Bonneville has so
much variability that it is diftlcult  to see any pattern, although 1984 and 1985 do have
some especially good survivals.

Figure  5 near hem

In order to separate the affect of flow on survival, we need to conrol  for changes
in ocean conditions. This can be done by using CW’T groups released below the dam
system. This assumes, of course, that the impact of flow on survival takes place within the
da.dpool  system and not in the estuary or early ocean Life histoxy. The model we will use
can be written as follows:

it = G x H~ x Yt x M, x(1 + u(5 – ~)) if Priest Rapids hatchery
(9)

ig =Gx H,x Y,x M, X 1 if control hatchery

where G is an ovemll  grand mean survival, Hg is a hatchery effect, Yg is a year of release
effect, Mg is a month of release effecr+  a is the slope of the flow-survival relationship, Fg
is the flow during the month CWT group g is released, and ~ is the average flow.

Choice of best matching hatcheries

Before we can begin with a formal analysis of in-river factors and sumival we must
obtain suitable control stocks from the lower Columbia River to control for ocean effects.
Thus a key objective of this pornon  of the study was to determine the ocean catch
disrnbutions  of individual stocks of chinook salmon from the Columbia River. To our
knowledge, a complete study of the ocean catch disrnbution  of Columbia River chinook
salmon has not been undertaken. Healey  (1983, 1991) was able to demonstrate that two
different races of chinook salmon (stream and ocean type) exist along the Northeastern
Pacific coast and each race had somewhat different oceanic disrnbutions.  Snake River fall
chinook (ocean type) were shown to have an oceanic catch  disrnbution  that was primarily
off the British Columbia, Washington, and Oregon coasts, while spMg chinook (stream
type) have a more nonherly catch disrnbution  (Waples  et al. 1991). Catch data are used
by investigators to infer ocean distribution. The obvious problem with this is that the
fishery is limited in both space and time. Generally the fishery is conducted during the
summer and early fall months and is limited to the waters within about 200 miles of the
shore. Columbia River chinook salmon are captured from Northern California to Alaska in
bth the commercial and spon fisheries. Tagging experiments (Healey 1991) have shown
that chinook salmon appear to move about the North Pacific Ocean in a pattern that takes
them north in the summer and south in the winter. Fall chinook in particular appear to be
located within 1000 km of the North American coast. However, individual stocks may
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show different migration patterns. Managers also know that individual stocks have a
propensity to be caught in different tvgions of the Northeast Pacific Ocean.

Coded Wire Tag (CWT) data were used for this task. CWTs are stairdess steel
binary-coded tags imbedded in the nose cartilage of juvenile salmon at hatcheries. Fish
from the same group share the same code, therefore the tag identifies each fish with a
specific treatment group from a specflc  hatchery. The presence of the CWT tag is
indicated by the removal of the adipose fin on all anadromous  salmonids  except hatchery
steeihead which have the adipose fin removed whether they have a CWT or not Some
natural spawning juvenile salmonids have been caught and tagged with CWTs, but the
temporal and spatial coverage is not extensive. Commercial and recreational catches of
salrnonids are sampled for the presence of CWTs by fisheries management agencies who
attempt to sample 20 percent of the catch. When adult fish return to the hatchery, they
are ako examined for the presence of tags. Therefore, the CWT data base consists of the
number of juvenile salrnonids tagged and released, the recoveries of tagged  fish in
commercialhcreational  fisheries, and the number of tagged fish in the escapement. We
gathered all the chinook saimon C’WT releases of both the Columbia River hatcheries and
of the wild stocks along with the ccm-esponding  ocean recovery data. The recoveries
were expanded by the sampling fraction, and these expanded numbers were used for
analysis. Review of the available data indicated that catches in small geographic areas
were limited and therefore considered unrdiable.

The expanded recoveries were grouped by State or Province, and by year of
recovery. For each stock and year of release, a mm-ix of age at recove~ and area of
recovery (State or Province) was generated, and comparisons were made using a cluster
program (SPSS/PC)  that generated a distance marnx. Since we wanted to compare ocean
catch disrnbutions  between stocks, we compared disrnbutions  across aIl years. The
resulting marnx showed calculated distances (affinities) between stock disrnbutions,  the
smaller the number the closer the affiiity.

We wanted to find hatcheries that met three criteria (1) they were beiow
Bonneville Dam, so that the fish were not passing through darns, (2) there were as many
years as possible of CWT data, and (3) the stock showed as similar as possibie  ocean
disrnbution  to the Priest Rapids stock. Given these requirements, the four other
hatcheries we chose, based on the criteria are Bonneville hatchery, Cowlitz  hatchery,
Grays hatchery, and the Washougal  hatchety  (table 2); spring creek is also included as an
example of a hatchery with an ocean disrnbution  quite different from Priest Rapids. As
seen earlier in Figure 5, Cowlitz  and Washougal  hatchery stocks showed similar patterns
in ocean survival to the Priest Rapids stock. The Bonneville and Grays River sutvival
patterns were more variable but showed some similarity to the Priest Rapids trends. The
ocean spatial disrnbutions  are shown in Figure 6. In general, priest Rapids, Bonneville,
CowIitz,  Grays River and Washougal  all showed a preponderance of tag recoveries from
British Columbia with smaller propornons  from Alaska and Washington. Recoveries in
Oregon and California were limited indeed. By way of contrast+ Spring Creek (with a
much higher affinity) tag recoveries occurred in almost equal proportions from British
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Columbia and Washington, followed by Oregon, with Alaska and California showing very
small recoveries.

Table 2 near here.

Figure 6 near here.

General issues in choke of tag groups

Having chosen Bonneville, Cowlitz, Grays and Washougal  as control hatcheries,
we need to select which CWT groups from these hatcheries to use. We used three
primary criteria for selection; fust we rejected any codes that were not released in the fwst
summer after hatching, second we rejected any codes not released during the months of
May, June, Juiy or AugusL and third we initially Ejected any experimental release groups.
Figure 7 shows the trends in survival among the code groups selected. Cowiitz is the only
hatchety  that has a tagging history comparable to Priest Rapids, Bonneville and
Washou.gal  have almost no releases between 1983 and 1986, and Grays shows no trend
(and quite low smival).

Figure 7 near here

Testing alternative models

We fit a series of increasingly complex models, starting fust with only a grand
mean, then allowing for year effec~  hatchery effec~ month effec~  and a flow effect. When
using poisson modeis, the test of hypothesis is performed by analysis of deviance
(NfcCollough  and Nelder  1989), which is analogous to analysis of variance. The deviance
for any model fit is defined as

D,w = 2[1(01 E) -2(010)] (lo)

where DM is the defiance of model M, f(Ol E) is the negative log likelihood of the
data given the model (equation x), and 4(OI O) is the negative log likelihood of the data
given the data, computed by substituting the observed values for the expected values in
equation 5. The results of this analysis of deviance axe presented in Table 3. As we add
factors to the model, we determine how much the deviance is reduced ( A deviance). The
residual deviance is the deviance of the “full model” (model 1) which is the most complex

. model we consider. The deviance of modeI 1, divided by the degrees of freedom of model
1 is the scale factor. If the error is truly poisson distributed the scale factor would be 1.
Clearly them is much more unexplained variation in the data than expected under the
poisson. The change in deviance fi-om one model to the next divided by the scaie factor is
the delta scaled deviance. The delta scaled deviance is X2 distributed with the number of
degrees of ikeedom  that are different berween  the two models being compared. For
instance, the change in deviance between model 1 and model 2 is 170.41. Divided by the
scale factor we obtain a delta scaled deviance of 9.47, with 1 de~e of freedom. The
probabili~ of X2 with 1 degree of freedom being 9.47 is 0.0018. We can see that all
factors added to the model are highly signflcanL
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Table 3 near hem

Table 4 shows the parameters estimated by the full model. There are no real
surprises here. Year effects are seen in the Cowlitz  and Priest Rapids data, all hatcheries
except Grays have better average survivals than Bonneville, and May has the highest
monthly surviwd. The estimated flow slope (a) is 0.0030. This means that an increase in
flow from 200 kcfs to 300 kcfs would result in a 30 percent increase in survival.

Table 4 near here

A Iognormal  error modeI

If the error is poisson,  the expected ratio of the residual deviance to the number of
nxidwd degrees of freedom is 1. The value shown in TabIe 3 is 17.49. Thus there is
much more variability in the data than expected under the assumptions of the poisson.
While this is commonly found in other analyses of CWT data (Green and MacDonald
1987, Cormack and Skalski 1992, Pascual  1993), in this instance we are dealing with a
heterogeneous set of hatcheries and ag~egating  the data in several ways over many years,
aIl of which may conrnbute  to the large amount of unexplained variability.

An alternative approach is to assume that the estimated total recaptures are
Iognormally  disrnbuted,  as in equation 8. We can repeat the analysis using the lognormal
error, except that we now can use the likelihood ratio, to test alternative models.

In fitting nested models, the likelihood ratio test can be used to compare modeI i to
model j as follows:

R(Mi,  &fj ) = 2(i(cL3fai Mj) –L(daral  Mj )) (11)

where R(Mi, Mj ) is the likelihood ratio of model i to model j. R is theoretically X2

disrnbuted  with number of degrees of freedom lost moving from model j to model i.

We estimated the o by fitig  the full model, as follows:

‘=~
Table 5 near here

The value for h is 0.45.

(12)

The results with the nested model is shown in Table 5.
We can see that the addition of all of the terms is clearly significant, and that the estimated
slope is .0065, considerably higher than obtained with the poisson model. Given that the
poisson  disrnbution  underestimates the error, we believe that the lognormal  model is
preferred, and the best estimate of the siope of the flow suxvival  relationship is 0.0065.
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The estimated parameters are shown in table 6.
Table 6 near here

We would like to obtain a Bayes posterior distribution for the slope, but in theory
this would require integrating across all nuisance parameters, including the year effects,
hatchery effects, and month effects, as well as specifying a prior disrnbuaon  for these
parameters. However, we can use a shortcuc  if we define the prior distributions for all
nuisance parameters as uninformative, then when discretized and normalized to add to 1.0,
the likelihood profile for the parameter is the marginal Bayes posterior for the parameter
(Berger 1985). Given that we have no strong a priori feeiings about nuisance parameters,
we are happy to assume an uninformative prior about them.

To calculate the likelihood profde we simply fix the slope at a value, then
maximize the likelihood by searching over all other parameters. We repeat this calculation
over a range of slopes of interest. We then divide each likelihood by the sum of all the
Likelihoods which normalizes them. Figure 8 shows the approximate marginal Bayes
posterior for the slope of the flow-survival relationship using this method and assuming
the log normal likelihood-

Figure s
near here

The major purpose of using the hatcheries other than Priest Rapids is to calculate the year
effects and month effects. We have seen that the statistical model finds a good
relationship between flow and suxvival. We can see this graphically in Figure 9, where we
have computed a “corrected su.mival” by the following fon-nula:
corredaf

Sq
sg=—

Y, M 8
(13)

Thus if the year effect were .5 and the month effect was 1, then the corrected
survival would be twice the obsexved  survival. The absolute value of the survivals in
F@..ue 9 is arbitrary. The key points to observe is that the rdationship  between flow and
survival now appears less variabie  than it did in F@.re 3, and the year effects have served
to bring the data closer together. In particular, the year effects for 1977, 1981, 1984, and
1985 were larger than average, bringing these points into the main cluster of data.

Rgute 9 near here

We next repeated the log normal analysis combining all experimental codes with
the brood and index codes to determine how sensitive our results are to choice of codes.
Table 7 shows the results - again a highly significant flow-survival slope.

Table 7 nea? here

Fkd.ly, we used the actual recoveries (not expanded by the sampling fraction) as
the obsewed value. We then used the Iognorrnai model, estimated the slope. and tested to
see if adding the flow relationship signii5cantly  improved the fk Table 8 shows that the
change in negative log likelihood is 3,86, about twice that required to be significant at the
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.05 level, and the estimated slope is 0.0060, close to that estimated ear~ier.  Thus we
conclude that our results are quite robust with respect to how we treat the recoveiy  data

Table 8 near here

Alternatives to VPA -- commercial ocean recoveries

A potential weakness of VPA is that the in-river catches and escapements ate often
dil%cult  to sample. There may be considerable loss of adult fish between passage at
BomeviIIe  dam and recapture in fisheries or escapement. As a cormol on the freshwater
recoveries of tags, we performed an analysis using only marine recoveries and employing
the basic Generalized Linear Model format adopted by Green and MacDonald (1987), and
Cormack and Skalski  (1992). We broke aIl recoveries down by age of fish, and state or
province. Thus the model  is:

where Rg,I,a is the number of observed tags recovered from group g at location 1
at age a, Tg is the number tagged in group g, fy~ is the sampling fraction in the year and
location that age a tags were recovered from group g, G is the grand mean, Hg is the
hatchery affect for the hatchery for tag group g, Yg is the year effect for the year of
release of tag group g, Mg is the month effect for the month of ~Ie~e of W grOUP g>
Lg,],a is the location effect for the location of the recoveries from tag group g,l,a, A is the
age effect for the tags from g,l.a, HL is hatchery by location interaction, HA is hatchery by
age interaction, a is the slope of the flow-survival relationship, and F is the flow at

iMcNiuY  darn during the month of ~lease,  if the group is from Priest apids hatchery, and
the flow is equal to the average flow for (~) other hatcheries.

Table 9 shows the analysis of deviance. Note that by disag=wgating  the data into
location and age of recove~,  the scale factor is now reduced to 3.78 horn 17.41 in the
previous poisson analysis. We again found that the all factors are signiilcanL

Table 9 near here

Table 10 shows the main effects parameters estimated from the model, the
estimated parameter value from the logarithmic model, the standard deviation of the
estimate, and the tmnsformed value which teils us the actual multiplicative effect of the
parameter. The grand mean is standardized as follows: release year 1977, Bonneville
hatchery, May releases, recoveries in California at age 2. Thus we see that the year effects
are quite similar to that estimated previously. 1977, 1984 and 1985 stand out as the best
years. The hatchery effects arE also similar, except that Washougal  hatche~ has a much
higher multiplier -- presumably because a greater portion of the recoveries of Washougal
fish were from marine areas. The month effects again show June weaker than May. The
location of recovery effects are new to this model, and ail show that California (the base
case) is very weak, with B.C. the largest effec~ Washington and Alaska roughly half of
B. C., and Oregon a distant fourth.

Table 10 near here
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The slope of the flow-survival relationship is lower, suggesting that a 100 kcfs
increase in flow would result in a 26 percent increase in sumival,  rather than 65 percent as
suggested in our previous analysis.
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Discussion

These results show a significant conflation between flow at McNary darn and
sumival of Priest Rapids hatchery fish - evidence that higher flows would lead to better
survival of Priest Rapids fish, and by analogy that higher flows in the Columbia and Snake
Rivers would lead to better sumival  of hatchery and wild stocks throughout the entire
Coiumbia  and Snake nver basins. This is an important conclusion in terms of future
management decisions for the entire Columbia Basin.

There are obviously many other in-river conditions that couId be examined in
relation to survival, including temperature, barge transportation, turbidity etc. Even with
flow alone it is possible to use many different measures such as total flow, spill,and the
ratio of spill to water passed through the turbines. MarIy different averaging methods also
can be used. We chose the simplest which is flow during the month of release, but clearly
the fish are in the river for many weeks after release.

We did not consider it appropriate to do a wide scale comparison of comelations
between other environmental variabies.  Undoubtedly some of these variables wouid be
more correlated than the flow we have chosen and others would be less. Any extensive
set of comparisons wouid  suffer from the probIem that, if you look at enough variables,
something will show a better fit.

A weakness in this study is the fact that aI1 of these resuits deal with the flow-
surviwd relationship for Priest Rapids hatchexy  only. A high pnoriv  should be to compare
the results to other hatcheries as CWT data accumulate. Priest Rapids hatchery is one of
the most successful in the entire Columbia Basin. The impacts of flow on Priest Rapids
fish may be different from those on the upper Columbia or Snake River f~h. Since Priest
Rapids fish are sub-yearling migrants, the applicability of these results to the Snake River
spring chinook, yearling migrants, may be limited.

While all of the statistical models we used did show a better sumival with higher
flow, the amount of increase in survival expected for a given level of additional flow was
different for the different models. The lognonnal  error modei using total recoveries
suggested that 100 kcfs incxuse  in flow wouid  result in about 60 percent incre~e in
sumivai,  while the poisson model using only marine recoveries suggested a 20 percent
increase might be expected. We do not feel confident in saying that one of these estimates
is more likely to be correct than another. We believe the evidence is strong that Priest
Rapids fish have survived better when flow has been higher. We are less confident about
the expected increase in sumival  from increased flow. The analysis using marine
recoveries has the advantage that the data were stratified by age and location of recovery,
and one could argue that this is the preferred mode of analysis. However, in the absence
of any Monte-Carlo simulations to compare the alternative models we have used, we
cannot say with any cettainty  which of our estimates of the flow-sutwival  slope are more
likely to be correct.
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The major weakness of this study is the non-experimental nature of the data
available. We have simply shown a correlation. Our results are compatible with much of
the biological understanding of the downstream migration process and the suggested
changes in migration due to major impoundments. Nevertheless we have shown a
surprising degree of correlation between flow and survival.

We have used several lower river hatcheries as controls on ocean sutvival.  Our
assumption was that the impact of flow on survival takes place above Bonneville Darn,
and that flow would have no affect on lower river hatcheries. This could be a false
assumption for several reasons. Flow undoubtedly affects estuarine  conditions, and this
could, in turn, be important in the survival of lower river hatchexy  stocks. Fiow may be
related to ocean conditions through regional weather patterns. Years of high rainfall and
snowpack may coincide with years that ocean conditions are good (or bad) for Columbia
River salrnonids. By choosing lower river hatcheries as controls on survival, we have
made severaI assumptions that are most difllctdt  to verify.

This study is simply one small piece of evidence in determining the expected
impact of different management actions on the survival of Columbia River salmon. It
needs to be corroborated by further CWT studies, further in-river passage studies, and
more ecological and physiological understanding of these fish.

There are a number of obvious next steps in analysis of CWT data for determining
the flow-survival relationship. At the time this project was initiated the number of CWT
groups available from Snake or upper Coiumbia  hatcheries was small, and the sumival at
these hatcheries had been so poor that few recoveries were available. An examination of
all recently available codes and recoveries should be done to see if and when other suitable
time series might be available for comparison to Priest Rapids.

Monte-Carlo studies of different likelihood models, different levels of spatial and
temporal aggregation, and the impact of using fresh-water recoveries should be explored.
It maybe possible to understand the relative merits of different statistical models  via such
analysis.

This study has highlighted the importance of changes in ocean survival that impact
many Columbia River stocks. Any attempts to understand the impact of in-river action on
survival will be confounded by changes in ocean conditions. The poor returns of chinook
salmon in the early 1990’s are to a large extent almost certainly due to poor ocean
sumival, “whether or not they encounted  dams. We would teco~end that CWT.data  be
used to examine the historical pattern of surviwd of Columbia River fish, and to determine
the spatial correlation among stocks. Such a study would be of great utility in assessing
the success of mitigative actions up-river, and in evaluating the success of any
rehabilitation programs that may be adopted.
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Appendix

List of tag codes and data for non-experimenti  release groups.

Tag Code

73328
73006
73632
73326
72408
72157
72342
72341
71842
72329

632154
632159
632156
634126
632255
632032
632462
633237
633019
633020
633124
633125
633235
633236
634108
633238
632503
631802
633759
633760
632458
632459
632263
631646
631833
631937
632043

Hatchery Brood Date of Number “Estimated”
Year Release Released recoveries

BomevilIe
Bonneville
Bonneville
Bomeville
Bonnevfie
Bonneville
Bomeville
BomeviIIe
Bonneville
Bonneville

Cowlitz
Cowlitz
Cowiitz
Cowlitz
CowIitz
Cowlitz
Cowlitz
Cowlitz
Cowlitz
Cowlitz
CowIitz
Cowlitz
CowIitz
Cowiitz
Cowlitz
Cowiitz
Cowlit.z
Cowlitz

Gmys
Gmys
Gmys
Grays
Grays
Grays
Gxays
Grays
Grays

86 8-May-87 105922
86 8-May-87 52096
86 8-May-87 51478
84  20-Jun-85  2 0 6 7 5 6
81 4-Jun-82 96798
79 28-May-80 121071
80 12-May-81 51609
80 12-May-81 50805
78 29-May-79 287916
80 12-May-81 75717
79 11-JuI-80 244267
79 I 1-JUI-80 70474
80 28-Jun-81 153216
86 19-Jun-87  2 0 7 0 0 3
80 28-Jun-81 121271
81 8-JuI-82 41295
81 8-JuI-82 199176
8 4  19-Jun-85 48382
8 3  21-Jun-84 48946
8 3  21-Jun-84 49036
8 3  21-Jun-84 48829
8 3  21-Jun-84 49664
8 4  19-Jun-85 48634
8 4  19-Jun-85 48246
85  26-Jun-86  1 9 7 5 0 0
8 4  19-Jun-85” 44126
82  23-Jun-83  1 5 0 2 3 6
7 7  19-Jun-78 1 4 6 0 0 1
85 28-May-86 49874
85 28-May-86 50635
81 l-Jun-82 27460
81 l-Jun-82 45361
80 8-Jun-81 64096
78 9-JuiI-79 7 3 8 7 2
78 9-Jun-79 7635
78 9-Jun-79 68115
7 9  24-Jun-80 37456

93
139
120

4281
163
288
152
218

1570
366
746
201

1819
396
717

49
972

1159
937

1150
868
933

1173
1137
1056
1414
1004
1011
254
211

11
48

284
100

14
94

172

VPA Total Fiow at
Sumiva.1 expanded MeNary
Estimate recoverie attimeof

s Release
0.09 18.52
o.~7 27.75
0.23 23.90
2.07 856.29
0.17 32.52
0.24 57.53
0.30 30.47
0.43 43.67
0.55 314.01
0.48 73.10
0.31 149.27
0.29 40.24
1.19 363.74
0.19 79.14
0.59 143.36
0.12 9.86
0.49 194.47
2.39 231.71
1.91 187.36
2.35 229.99
1.78 173.59
1.88 186.56
2.41 234.55
2.36 227.42
0 . 5 3  211.12
3.20 282.79
0.67 200.78
0.69 202.14
0.51 50.72
0.42 42.29
0.04 2.18
0.11 9.63
0.44 56.82
0.14 19.95
0,19 2.85
0.14 18.85
0.46 34.37

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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632340
631743
631939
131615
632155
632252
631857
631958
632848
632859
632860
631948
632261
632456
634102
634128
633221
633222
51915
51916
51917
51918

631662
631741
632611
632017
631821
632153
632461
632251
634150
631641
631803

Grays
Grays
Grays
Gmys

Priest Rapids
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Figure 1. The average flow past McNary dam during the month of May.
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Figure 2. The average flow during May, June, July and August for the years 1976 to 1988
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Figure 3. The relationship between flow at McNary dam during the month fish are
released from the hatchery, and the estimated survival of the CWT group from
VPA. The solid line is the best fit linear regression, not constrained to pass
through the origin.

1:30 PM DRAFT NOT FOR CITATION 8/1 6/93



flow and suwival

Bayes  posterior distribution

0.12

T
0.1

t
I

~ 0.08
.=
E
g 0.06
0

& 0.04

0.02

0
m
o
0
o“

o
0
0
0

In
o
0
0

HILBORN ET AL. -3O

Page 30

slope of flow survival relationship

Figure 4. Bayes posterior disrnbution  of the slope of the flow su.mival  relationship from
figure  3.
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Figure 5. The estimated survival for five hatcheries for all CRT groups.
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Figure 7. The estimated survival for five hatcheries using non-experimental CWT groups.
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Figure 9. Sumival corrected by year and month effect plotted against flow at McNary
darn during month of release for CWT groups from Priest Rapids hatchery.
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Table 1. Correlation between monthly average flow at McIWy dam. 1976-1988.

Mav June Julv Auzust
May 1.00
June 0.76 1.00
July 0.82 0.92 1.00
August 0.76 0.70 0.85 1.00

Table 2. Clusler analysis results for ocean distribution analysis with the affinities
measured against the Priest Rapids stock. CaIcuIations  az based on the euclid
measure.

Hatchery name Distance measure Years of data Notes

Used in the analysis
Priest Rapids NIA 14
Bomeville 0.0908 14
CowIitz 0.1426 14
Grays River 0.1463 12
Washougal 0.1136 13

Not used in the analysis
Spring Creek
Lewis River
Rock Creek Net Pens
Klickitat
Lower Granite
Tuttle Rock Net Pens
Irrigon
Bonifer Pond
Social Security Net
Pens

().Q474
0.0974
0.1030
0.1485
0.1336
0.1433
0.1158
0.1334
0.0940

17
6
1
8
1
7
7
1
1

Srnau affinily
Too few years of data
Too few years of data

Above BonneviHe
Too few years of data

Above Bonneville
Too few years of data
Too few years of data
Too few years of data

Table 3. Analysis of deviance results for poisson error model.

Model Main Effects Deviance Df Scale Scaled Factor dehasded delta p value
Number Factor Deviance Tested deviance df

1 G+Y+H+M+F 892.00 51 17.49 51.00 F 9.74 1 0.0018
.

2 G+Y+H+M 1062.41 52 17.49 60.74 M 33-23 3 0.0000
3 G+Y+H 1643.55 55 17.49 93.97 H -119.84 4 0.000o
4 G+Y 3739.50 59 17.49 213.81 Y 491.86 10 0.0000
5 G 12342.15 69 17.49 705.66
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Table 4. Parameters estimated from fuI1 model, poisson  emor, non-experimental codes.

EIatchery (H)

Bonneville
Cowlitz
Grays

Priest Rapids
Washougal

Grand Mean
(G)

1.00
1.78
0.57
2.54
2.44

0.018

Release
Year (Y)

1977 1.00
1978 0.28
1979 0.24
1980 0.28
1981 0.36
1982 0.31
1983 0.31
1984 1.06
1985 1.58
1986 0.31
1987 0.14

Flow
slope (a)

Month
(M)
May 1.00
June 0.58
Juiy 0.34

August 0.62

.0030

Table 5. Negative log likelihoods for Iognomnal  error model.

Source negative log
likelihood

Grandrnean 227.89
Year 101.23

Hatchery 48.61
Month 41.41
flow 35.00

AL. -37
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Table 6. Parameters estimated for Iognormal error, full modeL non-experimental codes.

Hatchery (H) Release
Year (Y)

Bomeville 1.00 1977
Cowlitz 2.39 1978
Gxays 0.93 1979

Priest Rapids 3.35 1980
Washougal 3.20 1981

1982
1983
1984
1985
1986
1987

Month
(M)

1.00 May 1.00
0.14 June 0.62
0.14 July 0.41
0.22 August 0.43
0.31
0.14
0.23
0.72
1.22
0.25
0.12

‘GrandMean 0 . 0 1 6 now .0065
slope (a)

Table 7. Negative log Mceiihoods for all production and experimental groups

Source Negative log
likelihood

Grandmean 320.68
Year 184.14

Hatchery 169.19
Month 120.91
Flow i13.50

Table 8. Resuits when using observed recoveries

Model Negative log
likelihood

GrandMean+-Year+ 38.86
Hatchery+Month

+Flow 35.00

CT 0.42
Flow Slope .0060
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Table 9. Analysis of deviance for modei of marine recoveries, aggregated by year and
state.

Model Main Effects Intmacciom  Ocviaoce df Scale Scaled Factor delts scaled deka df p value

1

2

3

4

5

6

7

8

9

G+Y+H+M+L+A+F HA+HL

G+Y+H+M+L+A HA+HL

G+ Y+ H+ M+L+A H A

G+Y+H+M+L+A

G+ Y+ H+M+L

G+ Y+H+M

G+Y+H

G+Y

G

Factor deviance Tested

2001.60 529 3.78 529.00 F

2045.90 530 3.78 540.71 HL

2926.40 545 3.78 7 7 3 . 4 1  HA

3468.00 560 3.78 916-55 A

5371.00 564 3.78 1419.49 L

6433.30 568 3.78 17cW5  M

6846.90 571 3.78 180936  H

6995.W  5 7 5  3 . 7 8 1848.70  Y

8442.00 585 3.78 2231.12

deviance

11.71 1

232.71 15

143.14 15

502.94 4

280.75 4

109.31 3

39.14 4

382.43 10

0.0006

0.0000

0.0000

O.cmo

O.OCCQ

O.OCQO
O.OCOO
O.cax
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Table 10. Parameters estimated for model of marine recoveries, aggregated by year and
state.

Affect

1978
1979
1980
1981
1982
1983
1984

, 1985
1986
1987

Cowlilz
Grays

Priest Rapids
Washougal

June
July

August
Oregon

Washington
B.C.

Alaska
Age 3
Age 4
Age 5
Age 6

Flow slope

GLM
estimate

-1.35
-1.29
-1,28
-1.43
-1.72
-2.00
-0.45
-0.33
-1.78
-2.19
0.85
0.74
0.50
? ,57

-0.84
-1.52
4 . 0 2
1.64
2.75
3.49
2.76
2.15
1.48
1.71

-0.99
0.002594

GLM s.d. Muitiplicativ

0.082
0.093
0.075
0,081
0.099
0.103
0.084
0.066
0+095
0.081
1.258
0.521
1.095
1.149
0.057
0.091
0.426
1.017
1.005
1.004
1.007
0.202
0.209
0.238
0.493

0.00039

e value
0.26
0.28
0.28
0,24
0.18
0.14
0.64
0.72
0.17
0.11
2.33
2.09
1.64
4.81
0.43
0.22
0.98
5.15
15.56
32.72
15.77
8.62
4,40
5.53
0.37

1.0026

AL. -4O
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Appendix Bl: Peer Reviews of Hilborn et al. (1993b)

Review comments submitted on behalf of the initial manuscript “The relationship between river

flow and survival for Columbia River chinook salmon;  authored by R. Hilborn,  R. Donnelly, M.

Pascual,  and C. Coronado-Hernandez ( 1993 b). General comments tended to be similar and con-

sistent, so a summary was compiled and answered in Appendix B2.

Comments from the following people can be found in the order:

Name (Organization) Number of pages

a.

b.

c.

d.

e.

f.

Chris Ross (National Marine Fisheries Service) 6

Al Giorgi (Don Chapman, Assoc. Inc.) 4

John Stevenson (Pacific Northwest Utilities Conference Committee) 6

John Williams, et. al. (National Marine Fisheries Service) 8

Phil Mundy (Columbia River Inter-Tribal Fish Commission) 6

Scientific Review Group; L. Calvin, et al. (Columbia Basin Fish& 7
Wddlife  Authority
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Figure 9. Suwival  comxtcd  by year and month effect plotted against flow at McNary
darn during month of release for CWT groups from Priest Rapids hatchery.
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Introduction

Columbia River salmon have been fished for perhaps thousands of years. With the
arrival of western European settiers  the magnimde  of the exploitation increased
dranmticaily. At its peak, the Coiumbia  River saimon smcks produced catches of over 6
rniliion fish from 5 species (Chapman 1986). The peak catches for each species occuxred
at different times over a period of about 30 years centered around 1900. Chapman ( 1986)
estimated that totai return to the Columbia River. catch and escapemen~  was in the
neighborhood of 7.5 miiiion fish. The five species of saimonids  native to the Columbia
River are chinook saimon  (Oncorhync/zus  fi~awyr.scha),  chum sairn ), sockeye  , .

saimon  (O. nerka), coho saimon (O. kiszuch),  and stesihead trmu (
*&sairnon are recognized as having two distincz  iife histories, ocean

discussing CoIurnbia River  chinook, fisheries managers commoniy  refer to three races
based on time of the return migration: spring; summer, and faii. Spring chinook have a
stream-type iife history, faii chinook have an ocean-type history, and the summer stocks
are a mixture f the two. After emergence. stream-type juveniies(spend one year in tiesh

i W=dm a tributary stream, befote migrating to sea and are known as. ..- .. —-
“yeari.ings”.  Ocean-type juveniles, termed “sub-yeadti-gs”,  out rnigrate~jtithe. . . . . . .
firm summer. . w“’

Beginning about the turn of the century, catches began to show a downward trend
although the annuai  fluctuations continued. The aduits that migrate into the river during
the summer have suffered the most (Thompson 1951), deciining  to very low numbers,
recovering siightiy  in 1959 and then declining again (Chapman 1986). Most authorities
(e.g. Laythe et ai. 1948, NWPPC. 1986) have attributed the decline in chinook runs to a
wide variety of causes including deforestation, farming, mining, pollution, over-fishing,
unscreened water diversions and construction ofli~’ - the Iast considered to be the
major conrnbutor. To overcome these pro blems,.laythe  (1948) suggesmci a mitigation
program in the lower river which inciuded  screening, water diversions, and habitat
protection, as well as the construction of fish hatcheries. The hatcheries and lower-river
efforts were never fuiiy implemcnte~  and b y the mid- 1970’s the runs of chinook sairnon -
to the mid-Coiumbia  were at exuemely low Ieveis. The use of hatcheries to increase the ~-
runs had proved relatively unsuccessful .

F

Studies were initiated on the su.mivin hinook salmon stocks in the mid-CoIumbia
River from Bonneville Dam to “Grand Co ee Dam. Raymond (1969, 1979, 1988) studied
the effect the dams wem having on trave time of the out migrant smohs. Two major
findings from his work were (i)- wild stocks had better su.mivai  compared to hatchety
stocks, and (ii) impoundment of water behind the dams slowed out migration and were
thought to reduce stwivai.  The direct effect of fiver discharge on downstream movement
of saimon fry has been s&iied  by a number of investigators (Imine 1986; Giorgi et aL
1990; Raymond 1968; P@ 1969: Stevenson and Olsen 1991) with varying results. Giorgi
et aL (1990) investigated the miaaon of flow to travei time of sub-yeariing chinook sairnon
and were unable to conciude  that changes in flow were reiare.d to changes in travei time;
however they did note that fish moving out in the early part of the summer had higher
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+“ ‘sunival to adulthood compared with those that out migrated later. Raymond (1969)
found that the John Day Resemoir  increased the travel rime of out migm smoits from 14
days to 22 days for that stretch of river. Stevenson and Olsen (1991), experimenting with
different flow regimes in John Day Resemoir, were unable to demonstrate a solid
relationship between flow and travel time. Park (1969) conciuded  that. widi the advent of
dams, the peak fio ws were reduced, turbklity was ciecreased,  predation and disease
increased, and that “an aImost continuously impounded river, with resuitant  trends toward
warming water and increased numbers  of pnxiators,  and other complex changes in the
environmen~  could eventually jeopardize the existence of the chinook salmon in the [mid]
Columbia River.”

There is little question that the downriver movement of the juvenile salmon has
been slowed by the consrruetion  of darns (Raymond 1979; Ebel and Raymond 1976). For ~*F&
eaeh dam constmcted above Ice Harbor darn on the Snake River. the travel time was
increased by about 50% or more (Ebel and Raymond 1976), or an average de!ay of 8 davs & (0-/

per rescmoir.  Raymond found that migration rates for juveniles were on the order of 40 mZ.--

to 5S krnkiay  for both fke flowing and impounded stretches at moderate river flows +
(about 8,500 m3/sec.),  and in the tange of 24 to 27 km/day at iow flows (about 42S0 fl~ 3-3;
m3/sec.). ~ %

While the hypothesis that ffow and travel rime are inversely reiated is viewed as a
basis for present river managemen~ the situation is not as ciear as might be hoped -
appamntiy confused by confounding vaiiabies. For exarnpie,  travei time is rciated  m the
condition of the juveniies  at time of migration. Their physiological condition is rciated to
water temperature which in turn is related to the time of year (Giorgi  et al. 1988). The
later in the year, the faster the juveniies  appear to migrate (Chapman et al. 1991).

In an effort to shed light on a compiex  situation and to prevent continuing erosion
of CoIumbia River salmon runs, Congress passed the Pacific Notthwest  EIecrnc Power
Planning and Conservation Act in 1980 which authorized the states of Idaho, Montana
Oregon and Washington to create a entity to plan for two important resoumes in ‘he
Columbia River basin: electricity, and f~h and wildlife. The enaty  created was the PacKc
Northwest Electric Power and Conscmation  Pianning  Councii.  best known as the
Northwest Power Planning Council. To emphasize the impormnce of fish and wildlife.
Congress mandated that the Countil  devciop the Columbia River Basin Fish and Wddiife
Program before developing a power pian.

The Codncii  has established the doubling of the saimonid runs of the Columbia
River as a prirnaty  goal of its Fish and wildlife Program. Achievement of this objective
couid result from: (i) an increase in the production of hatchery salmon, (ii) increases in ( ;V ) -
the production of natural spawning salmon. and (iii) increase in the downstream smivai Au
of juvcnikzs.  All three factors are iikeiy to be involved in a truly successful stock 7
tebuikiing  effom Many management actions have been taken in an attempt to increase
downs~ s~ivai,  inciuditqy  (i) fish bypass facilities: screens that divert juvenile

.

salmon fium the turbines, passing them through the dam in a separate water system, (ii)
transportation: juveniie  salmon collected at the fish bypass facilities and uansponed via
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barge beiow Bonneville Dam where they are mieased; (iii) i~ fiOW during periods\ . .

- -~e spill of water over the d~ bypassing the ~rbin=:  ( V)
predator co~troi:  rcdu~ing  the population of nonhero squawfish (Rychochehs

.+zc;~(
ensti)  in the resewoirs.  Each of these actions is directed toward increasing the

LA Dai=n.lWhiIe  f~h bypass faci.iities  have been ev~uated’  using fm~fipp~ or ~=e-branded

“’%’= “ fish, ~nd transpom-uon  evaluated using coded-ti-=gs.  tO * no a~mpu have ken
made to evaluate increased flow or predator confroi  effons. 3-

{T

e  “ v -

One of the guiding pMci@s  of the Fish and Wddlife is adaptive management
- Iearning  by past actions. Untii managers are abIe to evaluate reiiably  t!!e effectiveness of
their actions; learning wiii be slow. Changes in flow and other factom associated witi
downstream sumivais  ~  exten~%y  in-river mark recap cure
experiments, and such expeximerits arc cmainiy  an essential part of any wei.kksigned
attempt to evaiuate  water flow. However. this is not practicai  on a big enough scaie to .
encompass all harchery stocks, nor wouid  such an in-river mark recovery program
measure impaczs that might cccur once the f~h Ieave the river.

q-Most studies of the relationship between flow an suniv have concentmtcd on
in-river measurements and comparison, primarily using freeze m.ndin~~.
_ Such studies have no way of examining the impact of changes in flow on sumivai
after the fish pass dwough the dam system. A potenuai  source of such data is the coded
wire tag (CWT) data base. Since the eariy 1970~thousands  of groups of hatchery and
wiId fuh have been tagged  on the CoIumbia and the cornmercird and mcrmrional fisheries
and escapements to hatcheries have been systematically sampied to obtain tag recoveries.d

CWT data have been routinely used by the Pacific Salmon Commission (PSC) working
groups to estimate sumivai  of Columbia River stocks.

The purpose of this study is to investigate the potentird for using the CWT data
base to examine the relationship between in-river factors (cspcciaJly fIow) and smivd ~#
CoIurnbia  River chinook salmon.

Methods and Resuits

Estimating SurvivaI from Coded-Wire-Tag data

Since the eariy 1970’s approximately 2600 individual groups of chinook salmon
have been marked with Ws on the Columbia River. These rags have been applied
primrdy at hatcheries, although there has been some marking of wild stocks, and some of
fish collected at ti. ‘ITE motivation for tagging has been quite divexse,  but most tags
have been applied to compare expairnentd  hatchery trexrnents,  such as size and time of
reiease, feeding regimes, or other hatchery practices. The data btie on CWT data
denotes three primarily types of tagging, experimental. production and index.
Experimental tag groups are those mentioned prcviousiy,  where agencies arc
experimenting wirh hatchery practices in some way. Production groups arc fish reared

1028 AM DRAFT NOT FOR CtTATION 8J27A3
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. . . .

under normal hatchexy  conditions and tagging is done in order tO dete~ne the .
conrnbution  of the bulk of the hatcheries reiease  to fisheries and Eturrt to escapement.
Index rag codes are specifically designated for use in evaluation of fishery management
practice.

For the purposes of examining the impact of in-river conditions on sumivai,  the
pmducrion  and index tag codes are preferable because they have not been subjected to any
experimental treatments. However, many experimental groups appear to have similar
suival  to the hatchery production groups, and since far more rdeases  are experimental
than either production or index, we may not want to exclude experimental groups out of -.
hand. .- ._.

Since the aim of this project is to examine the relationship bemmen in-river flow --
and the subsequent stu%val, we must have CWT groups rekased &om a range of flow
conditions.. F@xre 1 shows the average flow at McNary darn in May. fhm 1976 to 1989.

-.

The amount of variation in flow is not grea~ but them is a little more than two times
variation fkom the lowest year, 1977 with a flow of 150,000 cfs, to the highest year 1976 . . .._

with an average flow of 350,000 cfs.
FigureJ  1 n.er  hero

The highest flows occur in May and June. with declining flOWS in July md AugusL
Figure 2 shows the seasonai pattern of flow for 1976 to 1988. There is a high correlation
in flows between months (Table 1), generally 0.8 or higher.

Flgura 2 mar hom
Teblo  1 near  hem

We searched over aii available C’WI’ codes for hatcheries that met two conditions,
(1) the hatchery must be upstream of McNary dam so that the juveniles had to pass
through the four lower river dams at a minimum, and (2) there must have been non-
experimental tagging over a number of years with contrast in flow.

Unfortunately, only Priest Rapids hatchery met these conditions. None of tie
Snake River hatcheries had consistent enough ta@ng  to provide a usable base of data
and none of the other hatcheries on the mainstem  above McNary dam had more than
occasional tag~g.  ‘Priest Rapids. in comparison, had consistent production or index
tagging from brood year 1975 to the present time. Oniy three of the tag groups at Priest
Rapids hatchery were experimental. In recent years a number of other hatcheries have
begun systematic tagging of index or production groups, and within 5 or 10” years there
wiil be a much bigger base of available hatcheries. However, at presenL only Priest
Rapids hatchery provides enough tag groups over enough years to examine the
relationship between flow and sumivai.

For any CWT group, we can esdrnate the survival from release to any arbitraty age
using the method of Vii Population Analysis (VPA). This methbd is routinely used for
chinook salmon by the Chinook Technical committee (CK)  of the Pacific Salmon
Commission (I%(2), and the method is described in Hilbom  and Wakers ( 1992). Because

1028 Ah4 DRAIT” NOT FOR CITATION W’27)93
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Mexnorandum

4  O c t . ,  1 9 9 3

To: Bob D o n n e l l y ,  Ut4
From: Al Gicrgi,  DCC
S u b j e c t : Review of d ra f t  CwT m a n u s c r i p t

on p a g e  5 ,  t h e  s t a t e d  p u r p o s e  o f  t h e  s t u d y  w a s  t o
i n v e s t i g a t e  inriver  f a c t o r s  ( e s p e c i a l l y  f l o w )  a n d  s u r v i v a l  in
Columbia  River chinook  s a l m o n . B u t  i n  f a c t , o n l y  a  s i n g l e
f a c t o r ,  f l o w ,  w a s  e x a m i n e d . I n  m y  view this is a  m a j o r
s h o r t c o m i n g  o f  t h e  a n a l y s i s . Since all of your analytical m o d e l s
i n d i c a t e  a  r e l a t i o n s h i p  b e t w e e n  f l o w  a n d  sunival  to aqe twQ,
f u r t h e r  d e v e l o p m e n t  and ~reatment.  of the rnechani==  t h a t  c o u l d——- .-— .—._. . --a-
ffect sunival a n d  a c c o m p a n y  increasing flows is w a r r a n t e d .  F l o w
is o n l y  a  g e n e r a l  i n d e x  o f  o v e r a l l  p a s s a g e  c o n d i t i o n s . A t  high
f l o w  Iev’els,-spillage increases.%his  would be””e@=ted  t o  e n h a n c e
mainstem  s u r v i v a l . Some investigations indicate that
subyearlings migrate faster with increasing flows, which may
increase survival to some degree. You fail to either discuss, or
analytically treat these matters. Your results and dis~ussion--- -
sections imply tha~ increased flow increases sumival, but it is
possible to provide spill at any flow level. Which mechanism is
really key in improving sunival? There may be others as well,
such as those you briefly identify in the discussion section such
as the potential for estuarine conditions to fluctuate with flow
volume.

Since spill and fish migration speed are repeatedly
implicated as mechanisms affecting instream sunival, you should
at least treat these. For example, in Figure 9; 1977, 1979,
1985, 1987 yielded the lowest adjusted sunival. Your depiction
illustrates that your index flows were below 200 kcfs. However,
in those same years spill was either absent or negligible during
the June/July/August period, when these fish are migrating
seaward. The problem.is that spill effects cannot be separated- .-.—
from perceived migration effects in these data sets.

. . . - .- .- .
You”must

inform the_reader of this difficulty. If you do not, you may-... —_ -— - ..- - —
spawn yet another Sims and Ossiander debate. Some readers will. — —  . _
see flow as a surrogate for migration speed related sunival. -.
effects, while others will contendit”is  a spill effect. You
could illustrate the difficulty by showing the correlation
between spill and flow in this data set, and discussing the
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ramifications.
Temperature is another important factor that affects

predatory fish consumption rates. Int he lower Columbia there
may be a relation  between your flow indesx and temperature.—. —-—-- -,——— This
~-hould be explored. Giorgi et al. (1990) showed that throughout. .. ---- . . .
the sa=r~ 1 to adult decreased, for three years. Over
the course of each summer flows decreased, spill % decreased, and
temperature increased. All highly correlated. It was impossible
to attributes effects to any single variable. They probably work
in concert.

Transportation: The proportion of the Priest Rapids— . .  —4
population subjected to transportation each year will affect
survival. Estimating this’”will be difficfilt.

— - - - - - -
Prevailing spill

IEvels”-at the time tie population passes McNary is critical, as
might be annual changes in FGE, which in themselves may be flow
sensitive. Some creative thinking may lead to some plausible
index.

In summary, this is a multivariate  river system, analyses
must treat it as such. I would be wJlling-kn—wQzLx.L“th_yau.._in.4
devising appropriate indite= .of..spill, temperature and
transportation. There may even be some trav”el—t’lrne”-data from
hatchery to MCN and John Day that be inst~ctive. Branded groups
were released from PI? in same years.

Some Specific Questions/Items:

The Flow index:
I suggest selecting a flow index other than month of—.— . .

r e l e a s e . Freeze brand data for this population indicates the. ..—
median passage time at McNary Dam to be the very end of June and
through early July. The bulk of the population is moving through
the ~ower impounded section primarily during July. This would.- —. — -.—----
~ppear to be a preferable index p’e-;iod, wh==–atte-tip-tin”g”to  --

.-.. ---- - ------ _ . ---- .-.-., .—---- -—:... _______
characterizes .inriver conditions during m~gratlon.

. . . . . . . . .

Alternatively, averaging flows over ‘a thirty-day- period .following~—-- --- ------ ---- -- -———- -.. . . . . . . . . . .
release may be useful since the median travel time to McNary dam
i s  t y p i c a l l y  n e a r  2 0  d a y s  ( s e e  s o m e  F P C  r e p o r t s  since 1 9 8 3 )  .
Either o f  t h e s e  s e e m  p r e f e r a b l e  t o  t h e  c u r r e n t  index. F o r
e x a m p l e ,  m a n y  g r o u p s  a r e  r e l e a s e d  during  the  las t  ten  days  of  May
or “June, and are not even inriver  during the majority of the
period you have selected as the index(i.e. month of release) .
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Tule stocks as control crrou~s for Priest URBS:
Except for URBS at Bonneville hatchery, the rest of the

control populations appear to be tule stock. It seems like it
would be difficult to argue that tules ah~<-nf~~~~~~enough- ---- . . . . --. ----; -----
to warrant use as =rols. Ocean d~stribution is only one—”=. ..-. .--.—. _._*.-_y_
indicator of similarity. Pexhaps other life history traits need
examination. To dismiss this as a concern seems most
inappropriate, and will certainly be subject to criticism in any
final draft.
Survival estimates:

In the r e s u l t s  section  it is not,~pparent  which  h a t c h e r y-—- —-—
~opulati-ons  weg,e...~sgx%~ con~~~-fi~il~ 9 .  fi-e-re—
hatcheries pooled in some years. The mechanics of the procedure
is not clear. Also , is the adjusted survival in figure 9
survival to age 2? Then the sunival in figure 7 is survival to
returning adult?

Assumptions:
EQgyation #l assumes that the P’s are known.—— P’s are— -—------- —— . . ... .—

estimated and never “z11 . How robust is the analysi~to------ . .. -—- --- --
‘departures from estimated P? Discussion of this seems
appropriate. Also, the cited P values from the CTC are for what
_racS..of.,CMgook;  presumably they are falls, not spring~rfitio~.
-Please clarify. Also, the CTC values are reported without error.. . . . . . .,-,—  --
What are the variances associated with these estimates, and how
does that affect analyses and conclusions?

Inter-dam loss of fish appears to be ignored in these-.—
analyses. It is not clear that th~warrance=- ‘-r—Priest Rapids

‘fish”fi=tir  this mortality, while control
that some adjustment is required.

Hvnothesis testina:
O_n page

for decision
hypotheses?

Discussion:

7 you state that hypothesis. —....- -----
makmg. Yet on page 13 you
What’s up?

The range of the change in sunival

stocks do not. It seems

testing is inappropriate
test models which pose

related to flow ranged
from 26 to 65 %, not. the 20 and 60%--specified on p. 18.

Yogi state that flow affects estuarlne--~ond-itionsj how so?
A little discussion of estuarine dynamics seems in order.
~ig one

—— ---- Wh”a-f-me=h-anisms ~r~&-&ciated  ‘w—l~”~-~
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accompanying hcrea==d river dkcharge are implicated as
affecting survival.
of migration speed,! t—- .—. -. -. . . . . .. . ..— . .. ..- .- - - - ~== —.— --- —L—
volumes, or transportation.

——,. ‘

‘Tfie  a n a l y s e s  a n d
r e g a r d . F u r t h e r

___ _ .—-..
‘d~&CusSj.on  are in m y  v i e w  i n c o m p l e t e  i n  t h i s
a n a l y s e s  a r e  w a r r a n t e d .

cc: Pat Poe
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PNUCC

PACIFIC NORTHWEST UTILITIES CONFERENCE COMM/7TEE

December 13, 1993

Mr. Robert Domelly
School of Fisheries WH-10
University of Washington
Seattle, Washington 98195

Dear Mr. Donnelly:

I, along with PNUCC member biologists and other PNUCC staff biologists. have reviewed the
manuscript entitled “T’he relationship between river tlow and survival for Columbia River chinook
salmon, ‘f and offer the following comments.

General Comments

Abstract – The abstract of the manuscript states:

17ze rekzzionship berween jlow and sum”vai  when corrected for ocean condition shows a
stronger correlation, which is highly  signljicam. i%e slope indicares thar an increase in
j70w of 100,000 q5 at A4cNary  Dam would result in 65 percen[ increase in survival of
Priest Rapids harcheryfish.

Although [his conclusion is discussed within the body of the text, it leads the reader to beiieve  that this
is the major conch.uion  of the paper. Later in the text, a statement is made to the effect that while it
appears that survival is correlated to flow, you do not feel confident in saying which statistical model
most accurately reflects that relationship. You continue by saying that you are less confident in the
expected increase of surviwd in relation to flow than you are with which model to use. Despite these
statements, you present the results of the Virtual Population Analysis and conclude that a flow increase
of 100 kcfs at McNary wiIl result in a sutwivai  increase of 65 percent for Priest Rapids hatchery fish.
My concern is that many people will read only the abstract and will miss the main conclusion of your
paper, which 1 read as-flow is correlated to sumival,  but to what extent you are uncertain. I strongly
suggest that you edit your abstract to more accurately reflect the contents of your paper. To do otherwise
would be negligent.

In addition, the objective of your work shouid be cleariy  identified within the abstract. As stated on paf
5, the objective is to “. . . investigate the potential for using the CWT data base to examine f
relationship between in river factors (especially flow) and survival in Columbia River chinook sahnc
In line with this objective, your conclusions should address the utility of these coded wire tag da
evaluating survival, and of the paper’s statistical modeling methods for analyzing the data to dete
the correlation between flow and survival. You shouId also point out that your work is of
experimental mrure in that you have not evaluated CWT data in comparison with other data (SUC’
PIT tag dam collected in 1993 in the Snake River).

*

PNUCC ONE MAIN PIACE 101 SW MAIN STREH, SUITE 810 PORTLAND, OR 97204-3216 (503) 223-9343
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Mr. Robert Domteily
December 13, 1993
Page 2

Assumptions - In each of the statistical analyses you have presented, there are several key assumptions
that have not been fully considered (e.g., transportation, spill, inter-dam loss, mortality due to eievated
nitrogen leveis).  Although these assumptions are acknowledged, you have not adequately addressed them
in your analysis. For example, adult in-river mortality between Bonneville and McNary dams has ranged
from 0.7 percent in 1986 to 22.3 percent in 1991, and has averaged 15.1 percent from 1986 to 1992.
Because each variabie  is affected by flow, and subsequently affects survival, it is irnpottam  to address
each of them within your analysis.

Other Factors - Assuming that temperature is significantly correlated to time, time to flow, and flow
to survival, is it possib Ie the affects on suwival  seen in the analysis are in part the result of temperature?
Also, is the possibie influence of temperature on survival addressed adequately by evaluating the variable
“month effect”? Knowing that temperature is a function of time, and there is a correlation between flow
and time, I wonder how much of the correlation between flow and survival may be expiained  by
increasing temperatures. This may be an issue considering the propensity of fall chinook to rear within
the river prior to migration. Also, given the fact that Priest Rapids fall chinook are typically released
late in the season when temperatures are high, predation is high, and the smelts are relatively small (in
1993, PRD fish were released at 50-70 fish/pound in .hme).

Control Group - Your analysis is based on the assumption that Iower river and Priest Rapids hatchery
groups have comparable ocean mortality rates. I would argue that this may not be the case. The stock
used as your treatment group is an up-river bright population, whereas the lower river control groups are
of Tule  origin. Based on data produced by the Pacific Salmon Commission Joint Chinook Technical
Committee in their 1991 Annual Repom the attached tables show how catch distribution and total  harvest
mortality varies between the up-river bright and tule stocks. In addition to the differences in distributions
between the stocks, fisheries management has also varied from year to year for each of the fisheries listed
in the tabIes. The variation in distribution and changes in harvest management could account for the
differences in survival observed for each stock. Furthermore, different ocean environmental conditions
can affect the survival of each stock due to the differences in ocean distribution.

It may also be useful to address how the treatment group compares to wild Hanford Reach fall chinook
with regard to migrational timing to McNary Dam. If peak timing for both stocks is not fairly close,
conclusions drawn for hatchery fish may not appiy to wild stocks due to the time-sensitive effects of a
multitude of variables.

I appreciate the opportunity to comment on your draft manuscript, and would be more than happy
discuss these comments with you. If you have questions, I may be reached at (503) 223-9343.

to

John R. Stevenson “
Senior Fisheries Analyst

cc: Patrick Poe, BomeviUe  Power Administration
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Mr. Robert DomeIly
December 13, 1993
Page 3

Annual distribution of reported catch {PSC TCCHINOOK (92)-4).. . .

Stock All All Fisheries Totai Other Other Other Other Other
Alaska Nrh/Cnt WCVI Geo St Canada Canada Us. Us. Us.

BC Troll Net Troll Troll Net sport

URB 26.0 19.2 13.3 0.3 0.9 ()+2 1.9 34.4 3.9
(79-91)

Cowliu 6.9 9.7 21.8 0.2 2.0 0.7 17.9 20.2 20.6
(81-91)

Bonne- 0.0 3.4 37.3 2.4 4.6 1.9 14.0 19.6 16.9
viiie

(80-87)

Spring 0.0 0.9 25.4 1.2 1.2 0.9 19.8 36.9 13.8
Creek
(79-91)

Annual distribution of total mortalities (PSC TCCHINOOK  (92)-4).

Stock Ail Ail Fisheries Torai Other Other
Alaska Nth/Cnt WCVI Geo St Canada Canada

BC Troii Net Troii

URB 30.8 18.5 13.0 0.3 0.7 0.1
~ (79-91)

Cowiiu 9.1 9.7 22.3 0.2 1.8 0.6
(81-91)

Bonne- 0.0 3.0 39.6 1.8 3.0 1.2
vine

(80-87)

Spring 0.0 0.9 92.8 1.1 i .0 0.9
Creek
(79-91)

Other Other Other
Us. Us. Us.
Troil Net sport

1.9 I 31.1
I

3.5

-H-
18.4 18.8 19.2

16.9 16.6 17.8

! i

Reproduced from tables presented in the Pacific Salmon Commission Joint Chinook Technical Committee
1991 Annual Report.
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Mr. Robert Domelly
December 13, 1993
Page 4

Specii3c Comments

Page Par Line Comment

2 Abstract Should list all of the factors evaluated in the analysis, not just
flow.

2 Abstract A summary within the abstract on the range of slopes developed
in the analysis, their significance, and a statement of the
assumptions would be very useful.

2

3

Abstrac~

1 3

1 7

Instead of stating “. . . long time series of coded wire tag (CWT)
release groups. . . “ it may be more accurate to state “a series of
coded wire tag (CWT)  release groups over an extended time
period. ” “Time series” may be confusing to the reader since it
impiies  that a time series analysis was performed.

Is this saying that an “annual” hanest  rate for the five species
was in the neighborhood of 6 million fish, or that over the 30
year period the total catch was 6 million? This needs to be more
specific.

Should change “The five species of salmonids native to . .” to
“The five species of anudromous  sahnonids native to . . . .”
Also, should other anadromous salmonids be added to this list
such as sea-run cutthroat trout and doiiy varden?

1 9 The scientific name for steelhead is incorrectly referenced as
Onchorhynchu maw. The correct reference is O. mykiss.
O. nmsou is a salmonid  species commonly referred to as the
masu salmon, and is only found in Asia.

3 2

5 2-5

Change “Grand Coolee Dam” to “Grand Coulee  Dam. ”

I would agree that each of the measures identified possess the
potential to aid in the achievement of the Council’s goal. But,
while although the focus of your paper is on downstream
migration, and more specifical~  y sunivai,  I wouid include other
life stages where sumival  may be increased to improve adult
contribution (e. g., improved estuarine  and ocean survival, .
decreased exploitation, improved adult instrearn survival, etc.). “
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Mr. Robert Donnelly
December 13, 1993
Page 5

SpecWc Comments

Page Par Line Comment

5 1 1 Item (ii), which begins on page 4 should be modified to reflect
that fish are also transported by truck, not just barge.

5 1 5 The statement “. . . survival of fish from the time of release until
they enter . . .” implies that these measures are intended for
hatchery fish alone. The insertion of “or emergence” after
“release” would make the statement more accurate.

5

11

6-8

2 (full) 4-6

1 4

In the last sentence of this paragraph, two points are made.
First, that in-river mark recapture studies are not able to evaluate
in-river survival on a large scale. Second, that in-river mark
recapture studies cannot identifi  mortaiity  tier a fish has left the
river system. I would disagree that mark recaprure  cannot
evaluate hatchery stock survival. Using the single  release method
tested by the National Marine Fisheries Service in 1993, I would
think that with enough PIT-tagged hatchery fish, survival could
indeed be measured. I would agree that mark recapture methods

. cannot evaluate mortality once a fish leaves the river system.
But that is only an issue if it is assumed that the effects of
mortality are realized after the fish has left the system. I am not
aware of any empirical data to support this theory.

In the analysis, the test and control fish were of upriver-bright
and tule stock respectively. Because of the difference in ocean
migrational patterns, the argument can’t be made that both test
and control fish are exposed to the same incidental fishing
mortality.

Need to correct the statement “. . . among fish released in 1985
and 1985 . . . .“

Jslol
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Mr. Robert DonneIly
December 15, 1993
Page 6

Spxific comments

Page Par Line Comment

11 Equation 9 Flow is not independent of year and month. Some discussion of
how this is accounted for (if it is) would be helpful. The
probiems  with using average flow during the month of release
should be discussed. Also, separation of temperature effect from
the flow effect would make the modei  more accurate.

12

12

12

13

13

14

18

3 (full) 6

3 (full) 10-11

3 (full) 11

3 (full) 1

3 (full) 2

Equation 11

1 2-5

Capitalize “spring creek. ”

What is the source of the ocean spatial distributions presented in
figure 6?

Capitalize “priest. ”

Should “defiance” be “deviance”?

Should “equation x“ be “equation 9“?

One of the M’s on the right hand side of the equation shotid  be
sub i, not j.

The statement “. . . evidence that higher flows would lead to
better survival . . . throughout the entire Columbia and Snake
river basins” is at this time conjecture. It should be deleted from
the text.

JSIOI
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““’”’”%% ~ lJw~TED STATES DEPARTMENT OF COMMERCE$
.

m

.
~ j National Oceanic and Atmospheric Administration%, 7.+.

●4
NATloN&  M A R I N E  FISH iES SERVIC

t

rt west E ~snerles Vclence Eenter~?+~
Coas al Zone and Estuarine Studies Division
2725 Montlake Boulevard East “
Seattle, Washington 98112-2097

November 16, 1993

Dr. Robert Donnelly
School of Fishezies, WH-10
University of Washington
Seattle, Washingto~  98195

%32Dear’” ‘~), -
;/

Attached are some combined anonymous szaff reviews, with co~e~ts
also added to the Cext, of the craf: report entitled “The
relationship bec-.+-eer.  riven flow and s’dr’Jivzl for Columbia River
chinook salmor..” : hoFe C?.zc  you  will fir!c them constructive. It
appears that one of the largest problems may lie with the ocean
distributions of the lowe: river versus Priest Rapids Hatchery

fish. Maybe a more prcminenc placemenc  of the caveats outlined  by

one reviewer WOCL5 zlso improve the srrenqh of cb.e paper (but not
IIeCeSS~Xily Of the conclusions found) . If you have  any questions

give me a call a: 86G-3277.
t

cc: Pat Poe
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Hillborn et al. 1993

Editorial comments:

Generally sloppy writing.

Page 3, para 1: masu should be mvkiss.

Page 5, para 1: !!to date no attempts have been made to
evaluate increased flow for predator control effects (on ‘
survival)”

Authors should read Sims and Ossiander, Petrosky, etc.

Page 7, para 1:
Calculation of survival to age 2:

Assumes probability of survival from age 2 to age
6 is known, only losses to fishery and escapement, and all fish
spawn by age 6.

Does not consider upstream passage mortality.
C h o s e  t o  ignore incidental  fishing  mortality a s s u m i n g  a l l  groups
affected equally.

Page 7, last para:

Why is “hypothesis testing inappropriate for decision-
making”?

“It is statistically inappropriate to use survival
rates as the y variable in a linear regression. ”

Pages 8-9:

in arguing against the appropriateness of hypothesis
testing for decision-making, the only argument put forward
involves hypothesis testing and using survival as the y variable
in a linear regression.
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Figure 6 S?xw.rently indicates an ocean distribution of fish that



Fiow and sumivai
WILLIAMS ET AL. -4
Page 3

Introduction

.
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Please check these comments for accuracy and whether you
understand what I mean! Note that comments are due by the 15th
and I’m sure you’ll be getting this on the 15th!

P9“ 6, par. 4, last sentence -
Why is the “high correlation in flows between months” of
noted importance? Isn’t this generally true? \

P9” 7/ Par” 1 -
In the equation for N2, the p is lowercase, but in the text
t h e  P ’ s  a r e  u p p e r c a s e .

P9“ 7, par. 4, sentence 5 -
“survival rates cannot have values less than zero” is only a
problem when the distributions around the true survival
rates would include negative values. In many applications,
the survival rates are “far away enough” from zero (or one
for that matter) so that this is not a problem.

Could the authors expand on the meaning of “... the
potential for differential reliability of different survival
rates. . .“ and why that makes using survival rates as the y
variable inappropriate.

P9“ 11, Correcting for trends in ocean survival
This is a good idea, but can it be assumed or demonstrated
that the Priest Rapids stock and the lower Columbia hatchery
stocks are mixed in their ocean migration distribution, i.e,
is the CWT sampling equal for the two groups in all sampling
areas? If not, how would this affect (or bias) the results?

P9” 13/ last par. -
s c a l e d  d e v i a n c e  ( s e e  T a b l e  3 )  is n o t  d e f i n e d  h e r e ,  while
delta  s c a l e d  d e v i a n c e  is. P e r h a p s  this definition  s h o u l d  b e
i n c l u d e d  a f t e r  t h e  s e n t e n c e  ‘t. . . t h a n  e x p e c t e d  u n d e r  t h e
poisson.’$ T h e  n e x t  s e n t e n c e  a f t e r  i n s e r t i n g  t h e  s c a l e d
d e v i a n c e  definition  s h o u l d  s a y  ‘fThe chanqe  i.n s c a l e d
d e v i a n c e  f r o m  o n e  m o d e l
d e v i . a n t e . l’ . This w o u l d
d e s c r i b e  t h e  c o l u m n s  in

pg. 141 P=. 2 -
T h e  s c a l e  f a c t o r  is t h e

to th& next is tie delta scaled
make this paragraph more correctly
Table 3.

residual deviance of the most
general model you used divided by its degrees of freedom.



WILLIA.MS  ET AL. -8

Perhaps why the scale factor was so large is that you are
missing some of the important factors in your model (eq. 9) .
See also Table 9 and text on pg. 16, par. 4.

pg. 14, eq. 11 -
The subscript in the first likelihood in the equation should
be i not j.

P9” 14r eq” 12  -

W h a t  i s  n ? .

P9” 141 last par. -
For the “layman reader” it might be helpful to have Table 5
show the “clearly significant” results of adding terms to
the model.

P9“ 15, par. 1 -
While this may be true, the authors just took the reader
“deep into Bayesian Theory” which, for many readers, will
lose them, i.e., this paragraph is much less understandable
than the rest of the paper. The next paragraph does help.
Perhaps this section could be rewritten in simpler language.

P9” 151 last par. -
Doesn’t the chi-square significance test look at twice the
change in negative log likelihood, (2 x 3.86)? See eq. 11.

Discuss ion  -
It is appreciated that the authors note the substantial
weaknes&& of the study, particularly that: 1) the extent
of impact of flow on survival is difficult to precisely
quantify, especially when the “correct or best” model cannot
be determined, and 2) the paper only identifies a
correlative, not a causitive effect of flow on survival.
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Rev~@V liflborn et al. The relationship betveen river flov and survival. .

1. Publish aftet revision.
2. Obtain professional editorial advice.

This is potentially a very impo~tant paper in the field of
hydroelectric salmon passage. The basic p a p e r  is sound,  h o w e v e r
it n e e d s  some  w o r k . 1 s t r o n g l y  r e c o m m e n d  p u b l i c a t i o n  w i t h
revtslon.

The paper should stick to the original purpose of the
project which was to develop measures of survival which can be
c o m p a r e d  to o n e  another,  a n d  t o  o t h e r  vaziables  of interest,
This paper cannot hope to be the “final solution” to the flow
survival question. It should be a simple demonstration of 1)
the use of CWT survivals, and 2] the use of downstream CWT data
to control for non-hydroelectric effects. That is plenty. There
is lots more that can be done, but leave it to others who are
more familiar with the hydroelectric system. some ideas are
given below.

The I n t r o d u c t i o n  i s  a  bl~ too ambitiouq  and  unnecessarily
complex . It should focus on the circumstances that make this
study important to salmon recovery in the Columbia  Basin, whi le
skipping the historical approach evident in the first two
paragraphs. At the end o f  t h e  i n t r o d u c t i o n  t h e  r e a d e r  s h o u l d
k n o w  t h a t  this p a p e r  is p a r t  o f  a  l o n g - t e r m ,  e c o n o m i c a l l y  a n d
biologically critical debate over the role of river flow in
f3almon recovery. At stake are the very existence of salmon above
Bonneville Dam, and hundreds of milllons of dollars in electric
bills. At intellectual Issue aze the extent to which salmon
behavior depends on the historic  river flow regimes, and the
magnitudes of the risks imposed on these salnton populations by
t h e  f l o w  regimes of the i m p o u n d e d  C o l u m b i a  River sys~em. I t  1S
to t h e  l a t t e r  axea, d e t e r m i n i n g  the m a g n i t u d e  o f  the risks
imposed on fall chinook salmon in the mid-Co2umbia by
impoundment, that your data analysis are relevant.

The tenor of the text may be considered too colloquial by
some . A more formal  Style may be appropriate for a work of this
gravity. For example, the term, ‘fy variable,t’ could be replaced
by, “dependent variable.” ‘In a more formal paper, l~out
mlgra~ion(’  c o u l d  b e  r e p l a c e d  b y  “ e m i g r a t i o n ” .

The d~.scussion section needs work. It may be a bit too
apologetic, and it lacks a one-to-one correspondence to the
methods and results.

spec~fiic Cxmnrner-i-ts, i n  order of
occurrence in tie2xti . Please note that editorial
comments are denotedf eo, and other substantive comments are
denoted, O. Editoxlal  comments follow other comments.

November 15,. 1993 1
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RevJ%v H41born et al, The relationship between rfver flow and surv~val.  .

o - p . 3, first para., next to last sentence, final clause, the
wording is ambiguous and inaccurate. Please consider replacing
~hls language with, “... and the summer chinook stocks may be of
e i t h e r  l i f e  history type.’f It 1s erroneous to imply that-a summer
chinook population could be a mixture of ocean-type and stream-
type .
o - p . 3, second para., last sentence, a literature cite is
needed here, and It needs to be made clear against what level of
abundance the term, “increase” is applicable. If by “increase”
it 1s meant, “return the runs to former or historical levels of
abundance”, then substitute this clause for the term increase.
o - p , 3, last para., t h i r d  s e n t e n c e . What  1S  the r e l e v a n c e  o f
c o n c l u s i o n  (i} to t h e  present  paper? Was Raymond’s vork
c o n c e r n e d  with fish originating at Priest Rapids  h a t c h e r y ?  I s
this paper based on any data concerning the survival of norl-
hatchery fish? If not, it is not clear what sort of parallel 1s
being drawn, or if a conclusion 1s being made.
o - p. 4, third paragraph, third sentence, consider being more
specific than “physiological. condition”; hov about “state of
maturation?’+
o - p. 4, fourth paragraph, this paragraph and the next three
paragraphs are out of place, and the first sentence is not quite
right. The Northwest Power Act was not passed to shed light on
the relation between flov and the survivals and travel times of
juvenile salmon. The fish and wildlife provisions of the
Northvest Pover Act were a new milestone in efforts to consezve
and rebuild the basin’s damaged and declining salmon runs. These
efforts date at least to the earliest involvement of the Bureau
of Commercial Fisheries during the 1920’s, or perhaps earlier.
Suggest the following actions, 11 change the first sentence to
describe the NWPA as yet another attempt to turn the salmon runE$
avay the path of destruction, 2) move this paragraph and the next
three paragraphs (ending “... Columbia River ~tocks. ”) behind the
second paragraph on page 3, and 3) make the last paragraph before
the “Methods and Results” section on page 5 the first sentence of
a new introductory paragraph to come before the current first
paragzaph on page 3. Why vait until the last paragraph to tell
the reader what you came to do?
o - p . 4, last paragraph; the first three conditions, (i) -
(iii) are not exhaustive or all inclusive. Which version of the
Fish and Wildlife Program is being referred to in this statement?
Were these three remedies singled out in the Fish and Wildlife
Program as the three the Council could control, or Would
emphasize? What about “Increase in upstream survival of
migrating adults?f’  or “Decrease in prespavning mortality FOY
adults holding on or near the spavning grounds?”, or “DecreaSes

in fishing mortalities on subadults and adults?” Consider uslnq
the same construction as in the second sentence fOllowin9, “Many
management actions . . . including . . .“
o - p * 5, first line, the description of action (!11) is not

November 1S, 1993 2
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Revi@v Hilborn et al. The relationship between rJver flow and survival.  .

accurate; lncreaked flow and fini~ are two diff@rent act~ona.
T h e  a c t i o n  o f  s p i l l i n g  w a t e r  d o e s  n o t  ~equfre i n c r e a s e d  f l o w ,  n o r
are increased f l o w s  n e c e s s a r i l y  s p i l l e d . T h e  s p i l l w a y  i s  o n e  o f
three b a s i c  r o u t e s  that m a y  b e  a v a i l a b l e  foz a rniqrating  =Juvenile
to  move t h r o u g h  a  d a m . T h e  o t h e r  t w o  routes t a k e  t h e  fish into
either the bypass system, o r  through  the turbine. Nok all d a m s
have bypass, although all malnstem  dams have spill and turbine
routes.

o - page 6, third and fourth paragraphs. The mean monthly flow
is net the only flow statistic that needs to be investigated, and
the month in which the fish are released may not be the only time
period to use.

ln addition to sample mean monthly flow in the month of
release, use the sample standard deviation (1) of daily flow
during the month in which the fish were released, where n is the
number of days in the month and the random variable, X, is the
average daily flow. It may also be i~structive to investigate
other time measures of flow such as houxly flow, as the random
v a r i a b l e ,  u s i n g  b o t h  t h e  m e a n  a n d  s t a n d a r d  devla~ion  as 6arnple
s t a t i s t i c s . Please g i v e  a n  e x p l a n a t i o n  o f  h o w -  t h e  flows a r e
m e a s u r e d , or cite a reference.

An additional choice of random variable would be volume
during some time period, as the integral of the time rate of
change in volume, the flow. The zelation between volume and
survival may or may not be more instructive than the relation
be”tween flow and suxvival. The impact of a given flow level on
survival may depend on pool elevation.

The choice of time interval over which to measure the
independent variable may be important. The hypothesis that
survival is proportional to flow points to mechanisms such as
length of exposure to predation and other mortality factors
inherent in the impoundments to explain the re”lation. Under this
hypothesis the duration of migration should be proportional to
flow, since velocity of migration (time rate of change in
distance traveled) should be proport’lonal  to flow (time rate of
change in volume). T h e r e f o r e , by  p ick ing  a  fixed time d u r a t i o n
over which to measure the independent varfable,  information from
outside  the time h o r i z o n  o f  the e v e n t  m a y  b e  I n a p p r o p r i a t e l y
applied  to explalc t h e  e v e n t . As a theoretical example, suppose
that ninety percent of the migration is swept out of the
hydroelectric system by high flows during the first week of MaY.
Why then should the flows during the rest o f  May be  a  de~ermlnant
of survival, if mortality  factors a s s o c i a t e d  with t h e
h y d r o e l e c t r i c  system are  responsib le  for  the  ob6erved s u r v i v a l s ?

As an alternative to mean monthly flow in the month of
release, consider the average and variance of daily flow durin9 a
time period during which meet (say ninety-five percent) of the
migrants would ha”ve been passing McNary Dam. Such a time

November 15, 1993 3
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Revfev  Hilborn  et al. The relationship  betw?en  river flov and SUrV~Vdl.  .

interval may be estimated as the 95% confidence interval about
the mean of the tlrne distribution of abundance of fall chinook in
the sampling facility at McNary.

The problem of obtaining measure~ of flows as they nccurzed
during the juvenile migration of each tag group, F(g) (Eqn. 2),
is part of the general problem of  synchrony to which studies  of
this nature axe subject. It is important to employ measures of
the physical environment that are synchronous with the migration
of the population of juvenileb to which the 6urvival estimates
a p p l y .

o - page 6, fourth paragraph. The  fac t  tha t  there  a re “high”
correlations between flowo in adjacent months does not solve the
p r o b l e m  o f  s y n c h r o n y . There needs to be a section called,
“Appropriate physical measures and results,” wheze at least as
much attention as has been paid to statistical model selection is
paid to the selection and use of the independent variable, flov.
o - page 7, Appropriate statistics and results. The use of
?3ayesian approach Is good, but this paper may not be the place to
make the general case for Bayesian  inference. D e c i s i o n  t h e o r y
and hypothesis testing are not equivalent tools. Cite references
where Bayesian decision making approach has been expla~ned,
compared and contrasted with hypothesis testing and let it go at
t h a t . FOCUS on the relation betveen  flow and survival.
o - page 12, first full para., sixth Ilne from the top at right,
“Same natural[lyl spawning . . . “; Juveniles from the naturally
SpaVtllI19  fall chinook  of the Hanford Reach of the Columbia River
below the Priest Rapids that are closely related to the PR
hatchery stock have been tagged with CWT every season  since 1986.
Technical reports are available from Matt Schvartzberg and CWT
?tnE/lySeS are available from Mike Matylevich (Columbia River
Intez-Tribal Fish Commission, 503-238-0667).

Since  the Hanford fall chinook are the same kind of chinook
a s  PR, it would be approprjat~  to ac~nowledge  Hanford  tagging  a s
the longest continuous application of .CWT to measure fisheries
contributions and smelt to adult survival in a naturally spawnin9
Paclflc  s a l m o n  population.  A l s o , s i n c e  t h e  distributions  of o c e a n
fl~hery recoveries.for PR and Hanford Reach are simliar, this
would validate the extension of the reSults of the flow survival
model to naturally spawning fall chinook in the mid-Columbia.
The use of Priest Ra~ids CWT tag recoveries as proxies fOK
calculating the vital statistics of at least some of the
IIi3~Urally spawning fall chinook populations of the mid-~olumbia
has been validated by data, as l.s”not usual ly  the  case  in  C W T
studies.

The validity of hatchery CWT returns as proxies for thf?lr
naturally spavning counterparts figures very prominently ~rl
supporting the assertions and conclusions reached in the first
paragraph on page 18.
0 - page 13, General issues . . . . first para. last sentence.

November 15, 1993 4

I



f?evfew HJlborn et al. The relationship between rlvez flov and survival.  .

Please clarify whether  Bonnevi l le  and  Washougal  had almost no
releases of CWT marks, or just no on-station releaSeS during this
time period.
o - page 18, first paragraph. Se@ COmmentS fOr page 12; above.
The validlty of this assezt~on rests on the sirnila~itY, Or lack
thereof, of hatchery fish to naturally spawning fish. Given the
fact that a number of authors, including Hllborn, Waples and
others, consider hatchery fish inferior in many respects,
including survival, to their naturally spawning counterparts, the
fact of similarity between PR hatchery and the naturally spawning
fall chinook has to be established. The validity of extending
these recults to other types of salmon spawning in other parts of
the Columbia Basin bumps up against the problem of synchrony,
discussed above.
o - page 18, second paragraph. See c o m m e n t s  f o r  p a g e  1 2  a b o v e .
Approach the applicability of results In terms of solving the
problem of synchrony.
o - page 19, first paragraph; the f~nc?ings  are conslatent  with
the hypothesis that survival of juvenile emigrants ~5 pOS~tivelY
r e l a t e d  t o  f l o w . The hypothesis is also con.s~stent with knovn
mechanisms of mortality during emigration.
o - page 19, second paragraph, third sentence; please explain how
flow “undoubtedly” could impact conditions influencing survival
in the estuary; cite a reference. Why would any of the
differences identified in this paragraph Impact  lover river and
upriver stocks differently? P o o r  s u r v i v a l  of u p r i v e r  stocks
re].ative to lower river stocks may be due to factors that are
covariates of flov, such that flow has no direct impact  on
s u r v i v a l . If hydroelectric stress is reduced au~ing higher
flcws, or lf predation in the hydroelectric system is reduced
du~l.ng higher flovs, or diseases associated vith elevated
temperatures are impeded during higher flows, or if migratory
delay induced residualism is decreased during higher flows, then
all of these mortalities vould not be experienced by the, lover
river stocks. On the other hand, upriver stocks  vould suffer in
the estuary right along with lower river stocks, and so forth.
Frankly, I find these apologies  for comparing upriver to l o w e r
river stocks unnecessary.
o - The Discussion section needs to be expanded to correspond
more closely to the resul ts .

eO - p. 3, first pa~a,, next to l~~t sentence, mlsglng Wordt
f~ltfej~ “between lfocean-typef!  and !~life!’  follovin~  “fall chinook.”

eO - p, 3, first para., last ~entence,  extra word, “out” before
“migrate.”

eO - p. 3, last para., second sentence, extra word, “out” before
“migrant”; “migrant” is the wrong word, it should be “m~gratin9”’J

November 15, 1993 5
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Use of “out” ls.redundant, since smelts only migrate in one
direction, out, althougli  smol.ts do not n e c e s s a r i l y  m i g r a t e ,  s i n c e
they  may residualize.

@o - p. 3 ,  l a s t ’  para., t h i r d  s e n t e n c e ,  a n d  elsewhere in the
m a n u s c r i p t  p l e a s e  c o n s i d e r  r e p l a c i n g  the term, ‘tout rnigzation,’f
with, “ m i g r a t i o n , n o r  w i t h  “migxation  to the  sea”~ or “downr~ver

m i g r a t i o n , ” T h e r e  a r e  a l s o  t h e  a l t e r n a t i v e s ,  “ e m i g r a t i o n ”  a n d
‘!emigrant.  “ Consider  replac ing  a l l  occurrences  of  “out  m i g r a n t ”
with “emigrant.”

60 - p. 4 ,  t h i r d  p a r a g r a p h , f i r s t  s e n t e n c e ,  avkvard  “ c o n s t r u c t  I o n ,
c o l l o q u i a l  l a n g u a g e .

eO - p. 4 ,  l a s t  p a r a g r a p h ; M a n a g e m e n t  a c t i o n  (11); a verb 1S
needed here and there, “ . . . juvenile salmon are collected . ..”

eO - page 6, first and second lines; awkvard construction; delete
a l l  b u t , “where tagging is done to determine the contribution of
hatchery to fisheries and spawning escapement~.”

eO - page 6 ,  s e c o n d  p a r a g r a p h ,  n e x t  t o  l a s t  l i n e  a n d  third
p a r a g r a p h , second line; The use of “we IT represents a change of
person. Decide on which person the paper is going to be written
in, a n d  s t i c k  to it. I a d v i s e  a g a i n s t  t h e  u s e  of p r o n o u n s  ~n the
f~rst and s e c o n d  p e r s o n ,  a l t h o u g h  some journals find this
acceptable.

eo - Page 9, A p p r o p r i a t e  s t a t i s t i c a l  m o d e l ,  line b e f o r e  Eqn. 5 ,
e x t r a  w o r d s ,  “ g i v e n  t h e ”  b e f o r e “predicted” and missing word,
~~madell~  a f t e r “probability,’ r

eo - page 13, first line after eqn 10, “DM” needs tO match the
form used in eqn. 10, a r i d  t h e  w r o n g  vord, “ d e f i a n c e , ”  IS used in
p l a c e  o f “ d e v i a n c e . ”

eO - p+ 2 2 ,  C h e c k  s p e l l i n g  o n  R e f e r e n c e s ;  e:g. Lebr@ton et al”

reference, “unified,” see a190 Pascual 1 9 9 3 .

eO - E n d  o f  e d i t o r i a l  c o m m e n t s . Please note that time did not
permit complete editing. The paper needs careful editorial
attention.

- R e s p e c t f u l l y  s u b m i t t e d ,  P h i l  Mundy,  5 0 3 - 6 3 6 - 6 3 3 5

Notes

1. Snedecor  a n d Cochran (1980), S t a t i s t i c a l  M e t h o d s , Seventh “

Edition, p, 31, sect. 3.5, Iowa State  Univ. press”
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Subject: The rekziimship between riverj70w and sum”vai
for Colurnbiiz  fi”ver Chinook m.bnon, Hilbom et ai.

GENERAL PINDINGS

The paper has the potential to make a significant contribution in the field of
hydroekctric salmon passage. However, as it stands, the paper is not suitable for circulation
or publication. The SRG recommends substantial revision.

The subject matter is especially significant and timely in that it deals with subyeariing
fall chinook, an important group that has received scant attention in the past. It is imovative
in that it attempts to estimate the effects of water flow on juvenile migrant salmon survival
using coded wire tag (CWT) data, after adjusting for a control assumed to be a proxy
variabIe for ocean conditions.

Perhaps the most significant criticism of the manuscript involves the lack of
information on the extent to which the downstram populations are biologically comparable
to the upriver populations. Further explanation of the xationale for the selection of control
populations from downstream hatcheries needs to be made in order to validate this approach.

Another significant criticism invoks a lack of focus on clearly defuwd objectives.
The paper should hew ciosdy  to the original purpose of the research project which was to
develop measures of suxvival which could be statistically compared to one another, and to
other variables of interest. As a pioneering effort in measurement and analysis, this paper
cannot hope to be the “final solution” to the flow-suMvaI question. The focus of the paper
should be a simple demonstration of 1) t~e potential of using CWT data to estimate survivals
“for evaluation of environmental impacts on salmon, and 2) the use of downstream CWT data
to control for non-hydroelectric effects. While the paper might be expanded to cover
hydroelectric passage problems more thoroughly, the authors would need the help of others
who are more familiar with the hydroelectric system in order to do this.

A number of the reviewers found the general tenor of the text to be colloquial A
more formal s~le would be more appropriate for a work of this gravity. For example, the
term, “y variable, ” should be replaced by, “dependent variable. ” In a more formal paper,
“out migration” should be replaced by “emigration”.

The Introduction is too ambitious and unnecessarily complex. It should focus on the
circumstances that make this study important to saImon recovery in the Columbia Basin,
while bypassing the historical approach evident in the first two paragraphs. At the end of the
Introduction the reader should know that the paper is part of a long-term, economically and
biologically cxitical, debate over the roIe of river flow in salmon recovery, and that the focus
is on fall chinook. At stake are the very existence of salmon above Bonneville Dam, as well
as hundreds of millions of dollars in ekctric  bills each year. At intellectual issue “are the
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extent to which salmon behavior depends on the historic river fl”ow regimes, and the
magnitudes of the risks imposed on these salmon populations by the flow regimes of the
impounded Columbia River system. It is to the latter area, determining the magnitude of the
risks imposed on fall chinook salmon in the mid-Columbia by impoundment, that the data
analysis is relevant.

Finally, the discussion section needs work.
one correspondence to the methods and results.

OUTLINE OF KEY

It is too apologetic, and it lacks a one-to-

CONCERNS

1. Speci~ the geographic range to which the results may apply.

2. Provide a more rigorous biological description of the populations of salmon
included in the study to which the conclusions may apply.

3. Address key historical and other references, inciuding alternative explanations for
the data.

4. Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trends in suxvival in areas outside the
geographic range of the hydroelectric system.

5. Carefully evaluate the selection of the independent variable representing flow with
respect to its physical and temporal properties.

6. Focus the paper on evaluating the potential relation between flow and sunivai,
lending less effort to discussion of Bayesian statistical methods and general history of
the Columbia Basin.

7. Correct misstatements

DOCUMENTATION OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.

It is essential in identi&ing the problem, to separate the upper Columbia from the
mid-Columbia for two reasons, the fist being that no salmon exist in the upper Columbia
(above Chief Joseph Darn), and the second being that the projects in the mid-Columbia
@elow Grand Couk Darn) are run-of-the river projwts with limited storage capacity. Since
the authors relate survival to flow at McNarv, it is important to make this distinction in the
conclusions and discussion. To increase precision with respect to location, consider changing,
“The slope of the flow-sumival  relationship is lower, suggesting that a 100 kcfs increase in
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flow would result in a 26% increase in suMval, . . ...” @age 17J to the more accurately
stated, “ . . increase in flow at McNary would redt . . . .”

2. Provide a more rigorous biological description of the populations of salmon included
in the study, and to which the conclusions may apply.

Throughout the document, the authors do not clearly state whether the paper refers to
subyeariing  or yearling migrants or Snake v. the mid-Columbia. For example, it is a long
time before they say that Priest Rapids is a fall chinook with subyeariing migrants, yet the
focus on ocean-type chinook is one of the most unique and usefid aspects of the paper.
practically all other work has concentrated on spring chinook yearling migrants. This is an
extremely important distinction that should be clarified in the Introduction and the Title.

The authors need to distinguish between Snake River studies and mid-Columbia
studies. For example, please clarify the relevance of conclusion (i) [p. 3, last para., third
sentence] to the present paper. The fact that Raymond’s work had to do with Snake River
yeading chinook rather than mid-Ccdumbia subheading chinook should be cki.rified.

The authors are also remiss in not contrasting the highly significant biological
differences between tuie and upriver bright fail chinook stocks.

The authors need to address the issue of whether the resuhs apply to non-hatchery
fish. Is this paper based on any data concerning the suMval of ncn-hatchery fish? If not, it is
not clear what sort of parallel is being drawn, or if a conclusion is being made. Juveniles
from the naturaIly spawning MI chinook of the Hanford Reach of the Columbia River beiow
the Priest Rapids that are closely related to the PR hatchery stock have been tagged with
CWT every season since 1986. Since the distributions of ocean fishery recoveries for Priest
Rapids hatchery fish and Hanford Reach wild fish are similar, this would help to vaiidate the
extension of the results of the fIow survival model to naturally spawning fall chinook in the
mid-Columbia. The use of Priest Rapids CWT tag recoveries as proxies for the vital
statistics of at bst some of the naturally spawning fall chinook populations of the mid-
Columbia has been validated by the resuIts of the wiId fish tagging studies. This is not
usuaIly the case in CWT studies.

3. Address key historical and other references, including alternative explanations for the
data.

For example, Sims and Ossiander (NationaI Marine Fisheries Service, Coastal Zone
and Estuarine Studies Division, Seattle); Pacific Salmon Commission Hanford Reach tagging
program (cdumbia  river Inter-Tribal Fish Commission, Portland); Bill Norman’s M.S.
Thesis; Pacific SaImon Commission technical report 90-3; Pete bwson’s  recent paper in
Fisheries, 18(8). There are modeis that contend that flow is a controlling variable with
respect to juvenile survival only up to flows of about 230 kcfs. These models are known as
the “broken stick model” and the “threshold” modeli  as fimther explained below.

Bill Norman, in his M.S. thesis Factors  Controlling Variation of Naturally Spawning
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Fall Chinook Salmon in the Upper Columbia River. M.S. Thesis, U.W. 1992] examined the
relationship between flow and sumiwd for naturally spawned chinook from Vemita Bar, just
below Priest Rapids Dam. He found higher survival at low flOWS - the opposite of this study.
It should be clear to the audience that the authors are, indeed, aware of the Norman work.

An alternative explanation of the sample Sk is possible. The CWT Priest Rapids data
set does not appear to all reviewers to be as large as repmsenti. Some of-the 23 data sets
over the eleven year period may be replicates, or pseudo-replicates, in that 12 groups
designated as individual “rekases” by the authors are compoa of four sets of three releases
made within the same date. These 12 tag lots might be considered four releases by some
reviewers, for a totzd of 15 individual rekses. The reduction in releases led to an imbalance
in the number of reh=es by month, leaving ten during June and only five during May.
Hence the emphasis on flow conditions in May could be misplaced.

The data may not be best explained by a single linear model. Some researchers
believe there are two stages, or parts, to the relation be~een flow and survivai. When
described by the fit of two linear models, this is called the “broken stick” model. The
present data set may be consistent with such a two part model. The domain of the frost part
would be 100-230 cfs, and the domain of the second would be 230-400 cfs. In the f~st
phase, survival is an increasing linear fimction of flow, and in the second the slope of the
line may not be different from zero. From the point of view of proponents of the broken
stick model, the use of the single linear representation may obscure the question of wily 230
cfs seems to be a turning point in the relation between flow and juvenile migrant sumival.
The authors should also examine the suitability of non-linear models that have been used for
the yearling chinook flowjsurvival relationship.

An additional concern is that the four survival points corresponding to flows beiow
200 cfs all occur during June, whereas the higher su~ival  points corresponding to higher
flows are a mixture of May and June releases. Given the seasonal trend toward increasing
temperatures with later dates, temperature may be the mortality mechanism associated with
lower flows.

4. Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trends in ex-hydroelectric  survival.

An important technical concern is the author’s use of the lower river hatcheries as
ocean controls for Priest Rapids Hatchery. To be controls, all of the groups should
experience the same conditions except for juvenile passage between Priest Rapids and
Bonneville. The authors state that their analysis of the tag groups indicates that Bonneville,
Grays River, Washougal  and Cowlitz hatcheries had ocean distributions similar to Priest
Rapids Hatchery and could serve as controls. But are the data actually consistent with this
conclusion? The groups proposed as controls are all representative of a group of fall chinook
lmown as tules, a distinctive race of lower Columbia River fall chinook. Tules have a
generally southerly distribution concentrated off Vancouver Island and Washington. The
Priest Rapids fail chinook, on the ot@er hand, are known as upriver brights. Brights have an
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ocean distribution that is markedIy different than that of the tuies. Brigh~ are more
northerly in their distribution, being caught mainly off northern BC and Alaska.

For example, the Pacific Salmon Commission technical repoti 90-3, shows the
differences in the distribution in fishing mortality between Priest Rapids and the Bonneville
and Cowlitz faU chinook (Grays River is not a PSC indicator stock and is not inciuded).  The
key concept that needs to be addressed by the authors is the split in dktribution between
northern BC @VBC) and the west coast Vancouver Island (WCVI). The latter represents the
bulk of mortality for the Bonneville tules, for exampfe, but is relatively minor for the
brights. On the other hand, the PSC report indicates that Alaska is the biggest source of
fishing mortality for the brights, but accounts for none of the mortality on Bomeville tuies.

In addition to fkctors associated with oceanic distribution, poor survival of upriver
stocks relative to Iower river stocks may be due to factors that are covariates of flow, such
that flow has no direct impact on sumival. If hydroelectric stress is reduce-d during higher
flows, or if predation in the hydroelectric system is reduced during higher flows, or diseases
associated with elevated temperatures are impeded during higher flows, or if migratory delay
induced residualism is decreased during higher flows, then all of these mortalities would not
be experienced by the lower river stocks. On the other hand, upriver stocks would suffer in
the estuary right along with lower river stocks, aiid so forth.

5. Carefully evaluate tie selection of the independent variaMe  representing flow with
respect to its physical and temporal properties.

The problem of obtaining measures of flows as they occurred during the juvenile
migration of each tag group, F(g) (E.qn. 2), is part of the general problem of synchrony to
which studies of this nature are subject. It is important to employ measures of the physical
environment that are synchronous with the migration of the population of juveniles to which
the suMval estimates apply. The fact that there are ‘high” correlations between flows in
adjacent months. does not solve the probIem of synchrony. There needs to be a section
called, “Appropriate physical measures and results,” where at least as much attention as has
been paid to statistical model selection is paid to the selection and use of the independent .
variable, flow.

The choice of time interval over which to measure the independent variabie may be
important. The hypothesis that survival is proportional to flow points to mechanisms such as
length of exposure to predation and other mortaIity factors inherent in the impoundments to
explain the relation. Under this hypothesis the duration of migration should be proportional
to flow, since velocity of migration (time rate of change in distance traveled) should be
proportional to flow (time rate of change in volume). Therefore, by picking a fired time
dwwtion over which to measure the independent variable, information fmm outtie the
time honkon of the event may be inapptiptieiy applied to expkin the event.
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6. Focus the paper on flow survival, lending less effort to discussion of statktical
methods and general history of the Cohunbia  Basin.

It still is not clear how a simple linear regression analysis would have led to
conclusions different from those offered by Bayesian methods. The discussion of decision
theory @ge 8, 9 and 10] may not be convincing. The question, “ . . .if we fail to reject the
null hypothesis do we act as if there is no relationship between flow and survival?” [page 8,
paragraph 3] has a straightforward answer. The answer is, “Yes, if we have appropriately set
the alpha level to correspond to our Willingness to accept type 1 and type 2 errors. ” The
second question, “If we do reject the null hypothesis, how much flow do we allow?” @age 8,
paragraph 3] has the same answer as the one provided later, “An increment of flow gives an
increment of sumival. ” The manager has to decide how far up the scale it is prudent to go,
depending on the goals, which in turn depend on many factors, some probably subjective.
The confidence interval shows the manager that the further away from the mean the response
gets, the less confidence can be placed in projecting performance on the next increment.

The choice of an alpha level is not necessarily, “. .a totally arbi&ary decision. ” It may
be true for some investigators, but it should not be. Any manager should make a reasoned
judgement as to an appropriate alpha level depending on the circumstances, such as the cost
of being wrong.

7. Correct misstatements

The Northwest Power Act was not passed to shed light on the relation between flow
and the survivals and travel times of juvenile salmon ~. 4, fourth paragraph, first sentence].
The fish and wildlife provisions of the Northwest Power Act were a new milestone in efforts
to conseme and rebuild the basin’s damaged and declining salmon runs. These efforts date
at last to the eariiest involvement of the Bureau of Commercial Fisheries during the 1920’s,
or perhaps earlier.

The first three conditions, (i) - (ii) are not exhaustive or all inclusive @. 4, last
paragraph], and it is not ciear to which version of the Fish and Wildlife Program is being
referred to in this statement. Were these three remedies singled out in the Fish and Wildlife
Program as the three the Council could control, or would emphasize? What about “Increase
in upstream sunfival of migrating adults?” or “Decrmse in prespawning mortality for adults
holding on or nczir the spawning grounds?”, or “Decreases in fishing mortalities on subadults
and adults?” Consider using the same construction as in the second sentence following,
“Many management actions . . . inciuding . ..”

The description of action (iii) ~. 5, first line] is not accurate; increased flow and ~
are two different actions. This point should probably be broken into two actions at the
semicolon. The action of spilling water does not require increased flow, nor are increased
flows necessarily spilled. The spillway is one of three basic routes that may be available for
a migrating juvenile to move through a dam. The other two routes take the fish into either
the bypass system, or through the turbine. Not all dams have bypass, ahhough all mainstem
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dams have s@l and turbine routes.
While no suMvai studies have been done that have evaluated flow @age 5, first

ParagraPh> last sentence]~ manY travel time studies have b=n done. me reviewers know of
no studies that have shown siowing of emigrating juvenile saImon in the mid-Columbia
Reach.
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Appendix B2: Responses to Peer Reviews of Hilborn et al. (1993b)

General comments on the initial manuscript “The relationship between river flow and survival for

Columbia River chinook salmon:’ authored by R. Hilborn, R. Donnelly, M. Pascual, and C. Coro-

nado-Hemandez ( 1993 b), can be summarized into the three points below.

1) Comment - Refine purpose of the paper to investigate and develop measures of survival which

could be statistically compared to each other. (Mundy,  SRG)

Response - The original draft was split into two phases. Phase I was completed and published by

the Bonneville Power Administration in November 1993. This report (Phase II) concentrated on

the actual analysis of the CWT data, attempting three different approaches, with and without

adjustment for the probability of transponation  of a portion of the releases from Priest Rapids.

2) Comment - Expand paper to a multivariate  analysis, including factors other than flow in deter-

mining the adult return component, such as temperature, turbidity and transportation. (Giorgi,

Mundy, Stevenson) Carefully evaluate the selection of the independent variable representing flow

with respect to its physical and temporal properties. (Giorgi, Mundy, Stevenson, SRG)

Response - This revised report included environmental covariates of temperature, turbidity, spill,

percent of spill of total flow, as well as flow. In addition, the total weight of chinook, coho and

steelhead salmon releases per season were included as a preliminary investigation into the effect

of total biomass on the adult survival rate. The problem ofs ynchrony is a difficult one to which a

general solution has not been found. A more representative variable was attempted by represent-

ing the environmental covariates  by a linear regression characterizing the month following a

release from Priest Rapids. The intercept represents the initial condition experienced by all of the

released group and the slope is the average change from that initial condition. This initial condi-

tion is a better variable to be regressed upon, as all of the fish experience this condition, eliminat-

ing the argument that this particulx  variable is measuring an event outside of the qualified time

Page 139



horizon. Further analysis of the slope of the variable in future studies may elicit information as to

the validity of taking a linear regression of a month’s length.

3) Comment - Carefully

populations that are used

the hydroelectric system.

examine and document the reason for selecting the downriver control

to correct for trends in survival in areas outside the geographic range of

(Giorgi, Mundy, SRG, Stevenson, Williams)

ResDonse  - A cluster analysis indicated which of the major fall chinook hatchery stocks were

most similar to the Priest Rapids Hatchery stock by ocean catch distribution. Within the five clos-

est potential reference stocks, release groups were selected for similarity to the Priest Rapid’s

releases on the basis of time of release, development stage at the time of release and how the

release group had been treated while at the hatchery (e.g. production, experimental, etc.). Subse-

quent statistical analysis of these subgroups for homogeneity to the Priest Rapids hatchery stock

failed to show that any reference stock had a similar ocean catch distribution history. Five separate

analyses were completed employing each of the stock as a references. The results for each choice

were compared to ascertain the influence of reference selection. The dissimilar outcomes for the

analyses confirmed reference selection greatly affected results.
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Appendix C: Data Tables Used in Analysis

Table of Tables

Priest Rapids hatchery releases of fall chinook salmon for 1987. expanded recapnues  grou~d by stak
and year 1988-1992.

Release data used in river conditions/aduh  survival rate analysis

River conditions used in analysis.

WS Data horn McNary  Dam transportation studies 1986-1988. used in calculation of fall salmon
transportation-control ratio.

Correlation of pementage  of total adult returns to vpa estimates for survival to age 2 for each hatchery
in this analysis.

Fxeeze-branded chinook released at Priest Rapids and sampled at McNary Dam.

Data matrix used for Hilborn  et al. model (5 &6) regressions.

Tag codes of Subyearlfig fall chimmk releases used in this analysis.

PJg&

142

143

144

145

146

146

147

155
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Table Cl: l%iest  Rapids hatchery releases of fall chinook salmon for 1987, expanded recaptures
grouped by state and year 1988-1992. A test of homogeneity between the nine releases
is rejected: (P(x~zO > 266.62) = O)

Recovery Year 51915 51916 51917 51918 51919 51920 51921 51922 634128

1988

1989

1990

1991

1992

Alaska

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 O.(M 0.00 0.00 0.00 0.00 3.07
29.20 28.11 24.47 27.74 11.60 7.88 11.60 6.09 47.66

18.03 11.27 8.27 6.44 0.00 3.22 4.19 3.22 13.41
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

British Columbia

1988

1989

1990

1991

1992

0.00 0.00 1.39 1.39 6.96 1.39 0.00 0.00 0.00
18.43 6.98 9,05 15.43 3.00 0.00 0.00 0.00 9.81

5.72 26.64 6.07 34.94 7.20 13.47 20.44 16.24 59.17

6.56 26.54 32.48 11.55 4.45 16.22 3.27 9.02 17.86

0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00

1988

1989

1990

1991

1992

Washirugton

0.00 0.00 0.00 8.28 0.00 0.00 0.00 0.00 3.19

0.00 0.00 2.25 3.90 0.00 27.66 0.00 2.45 3.42

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.14

2.30 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1988

1989

1990

1991

1992

Oregon

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 O.CQ 0.00 0.00 0.00 0.00 O.oa 0.00 1.50

0.00 0.00 0.00 2.43 0.00 0.00 0.00 9.00 0.00

0.00 0.00 0.00 3.67 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table C2: Release data used in river conditions/adult survival rate analysis

Priest
release relesse Grays River

Bonrwille
Cowtilz Wsshou@

Tanner’s
Rapids

year &y
Brights

vpa
creek

Vpa
vPa Vpa

vpa
vpa

76

76

77

78

79

79

79

79

80

81

81

82

82

83

83

84

w

84

85

8s

86

86

87

87

87

S7

87

87

87

8-7

87

88

89

182 0.0565

18z -0.0624

177 0.0176

I 77 0.0102

1~~ 0.0210

178 0.0051

178 0.0052

178 0.0036

177 0.0115

174 0.0089

137 0.0265

166 0.0169

137 0.032?

143 0.0271

172 0.0450

lW 0.0427

164 0.0503

164 0.0520

161 0.0610

161 0.0619

90 0.0327

162 0.0077

12.$ 0.0089

12.$ 0.0136

124 0.0117

l~q 0.0158

1~ 0.0024

123 0.0037

123 0.0037

146 0.0053

1?5 0.0081

169 0.0018

179 0.0029

NA

NA

0.0009

0.0007

0.0025

0.0025

O.(M5

o.oa?5

0.W37

0.0068

0.0068

0.0017

0.0017

0.0035

0.0035

NA

NA

m

0.0583

0.0583

0.0072

0.0072

?4.4

NA

N.A

N.4

x+

XA

m

NA

M

NA

0.0015

XA NA

m

F4A

NA

0.0609

0.0609

0.0609

0.CW39

0.0278

0.0281

0.0281

0.0250

0.0250

0.0270

0.0270

0.0370

0.0370

0.0370

O.(M54

0.CM54

M

WA

0.1639

0.1639

0.1639

0.1639

0.1639

0.1639

0.1639

0.1639

0.1639

0.0021

0.0094

NA

NA

0.0371

NA

NA

NA

NA

0.0032

0.0195

0.0195

0.W34

0.0034

0.0084

0.0084

0.0234

0.0234

0.0234

0.0270

0.0270

0.0064

0.0064

0.0041

O.ow 1

0.0C41

O.ca 1

0.0041

0.0041

0.0041

0.0041

0.0041

0.0008

0.0013

YA

NA

0.0363

0.0098

NA

NA

Nil

NA
0.007?

0.0062

0.0062

0.0037

0.0Q37

0.0148

0.0148

0.0423

0.0423

0.C423

0.0443

0.0443

0.0105

0.0105

0.0029

0.0029

0.0029

0.0029

0.0029

().@J~9

a.oo29

0.0029

0.0029

0.0046

NA

IN.%

NA

0.0033

riA

0.0065

0.0065

0.0065

0.(M65

O.(UM.5

O.ooal

0.0060

0.0035

0.0035

0.(2099

0.0099

0.0013

0.0013

0.0013

0.0878

0.0878

M

X.4

0.01s9

0.0189

0.0189

0.0189

0.0189

0.0189

0.0189

0.0189

0.0189

O.(NI 16

0.0056
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Table C3: River conditions used in analysis.

l-el- release
spill spill

fiow.a flow.b spill.a spill.b turb.a turb.b
spill

year day
tempt.a tempt.b ratio

ralio
ratio

Var cv

76

76

77

78

79

79

79

79

w

81

81

82

82

83

83

83

84

84

85

85

86

86

87

87

87

87

87

87

87

87

87

88

89

-------- ..- A---

182 241 /44.85

18? 241744.83

~~; 94852.96

177 217771.43

1~~ 265992.86

178 143738.18

178 143738.18

178 143738.18

1?? ~fi920.44

174 310043.60

137 199947.29

166 430767.49

137 382629.06

143 390880.05

1:2 210916.01

164 389842.61

164 389842.61

la 389842.61

161 moo7x.53

161 moo24.53

90 2578 S8.97

162 25865443

1~~ 258144.29

] ~~ 268144.29

1 ~~ 268144.29

1 ~J 268144.29

123 261659.75

lx 261659.75

l?’J 261659.75

146 206426.38

175 110719.26

169 145405.74

179 123858.23

-If3/.u!/L

-167.0772

-101.0126

-1380.1587

-4134.1270

-12729338

-1229338

-1272.9338

-3308.9217

-3!M9.261 1

9125.8621

-4091.2425

-2 WI.5709

-4354.8714

-168.9108

4747.8654

-47.$7.8654

-4747.8654

-3191.9759

-3191,9?59

-251.5107

-6055.4871

-3610.158:

-3610.1587

-3610.158:

-3610.1587

-3068.0241

-3068.OM  1

-3068.0241

-3572.9858

.3~7,~469

-1611.9595

-995.0274

88245.0739

88245.0739

O.teal

-4.9261

45321.6749

0.000o

0.000o

O.OIXD

3910.5911

81483.9901

-21158.1281

257445.0739

193980.7882

211188.9163

-1874.1379

20$853.9409

2W853.9409

XM853.9409

o.oi300

o.ocOo

425100000

2.!858.3251

7CX)132M6

mo13.2a56

70013.2266

70313.2266

63423.7685

63423.7685

63423 .?685

987.487

O.oom

o.oOOO

0.o1300

-1985.8785 1.9643

-1985.8785 1.W3

O.omo 4.6874

10.9469 2.7628

-2214.03% 1.8461

O.CO(XJ  2.9434

0.000o 2.9404

0.00130 2.W34

- 1 % . 5 5  17 24333

-3720.7718 2.2466

11938.6973 2.8419

-3029.5293 20145

-2769.2118 21010

-5592.8298 ___-1 ??~

278.2430 1.8131

-$500.8210 1.5493

-$500.8210 1.5493

-4500.8210 1.5493

0.00IM 23894

0 0 0 0 0  13894

437.2222 1.6867

-1256.1193 1.9956

-2750.3448 3.1227

-2750.3448 3.1227

-2750.3448 3.1227

-~75(3344~ 3.12X

-2258.0569 3.0756

-2258.0569 3.0756

-2258.0569 3.0756

-52.75CU 27542

0.0000 3.4062

O.(nxo 3.5%1

0.0000 3.i569

0.0270 15.4424

0.0270 15.4424

0.0200 19.5760

-0.0293 16.4329

0.0143 13.2581

0.0221 16.9910

0.0221 16.9910

0.0221 16.9910

0.0134 16.1029

0.0156 15.1725

-0.0224 12,2565

-0.0 I 72 14.5375

0.0034 11.673’7

-0.W-05 14.2354

0.0337 16.0351

0.0262 13.5139

o.o~6~ 13.5139

0.IX62 13.5139

0.0362 15.2535

0.0362 15.2535

o.02m 7,6836

0.C059 15.4875

-0.m’m 11.2150

-O.(KW9 11.2150

-0.0099 11.2150

-O.(XW9 11.2150

-C).(X)53 11.061  -

-0.C053 11.061:

-0.0053 11.0617

0.0153 12.9293

0.0054 18.7630

-0.0031 17.6892

0.0069 18.2578

0.1113

0.1113

-0.0274

0.0879

0.09?3

0.1435

0.1435

0.1435

0.1285

0.0578

0.0695

0.0842

0.0686

0.0772

0.0849

0.1305

0.1305

0.1305

0.1694

0.1694

0.0731

0.1300

0.1040

0.1040

0.1040

0.1040

0.1095

0.1095

0.1095

0.1695

0.0505

0.0786

o.c041

o2,565

0.2565

0.0003

o.c007

0.0734

O.oom

O.oom

O.oom

0.0070

0.121-

0.4333

0.5766

0.4567

0.4086

O.oom

0.4423

0.4423

0.4423

0.0000

OSMOO

0.1438

0.0447

0.1499

0.1499

0.1499

0.1499

0. 14%

.0.14%

0, 14%

0.0017

0.0000

O.cxxxl

O.0000

0.0202

0.0202

O.oom

O.oow

0.0062

0.0000

0.oO130

O.oom

O.OCW

0.0197

0.0711

0.0176

0.0027

0.0138

0.0010

0.0092

0.0092

0.00W

0.000o

O.lnloo

0.0073

0.0038

0.0144

0.0144

0.0 I 44

0.0144

O.ol-ua

0.0144

0.0144

0.000 I

O.0000

O.ocao

O.OCQO

0.5542

0.5542

NA

3.6682

1.0715

NA

NA

N.A

2. 8%7

1.1523

0.6153

0.2299

0.1130

o.~87~

3.5904

().~lfi

(),2166

o~]fi

NA

XA

0.5922

1.3797

0.8019

o.m19

o.m]9

o.m19

o.m14

0.8014

o.m14

4.3385

NA

NA

YA



Table C4: NMJ?S Data fkom McNary Dam transportation studies 1986-1988, used in calculation
of fall salmon transportation-control ratio.

tekse
year

batch

86

86

86

86

86

86

86

86

86

8 6

86

86

87

87

87

87

87

87

87

88

88

88

88

88

88

1

~

3

4

5

6

7

8

9

10

11

12

1

~

3

4

5

6

7

1

~

3

4

5

6

-

Spmvning
# dams fisheries hatcheries .glmsds

released # recovered # recovered # recovered # recovered

1000O

lm

loom

lm

10000

looi30

1000O

1000O

100CNI

10W3

NIOOO

5836

1000O

9146

9753

100W

1000O

9392

Iooca

lm-

10W2

1000Z

10W2

10002

looa3

0 10

7 9

? 13

3 12

~ 13

3 10

3 8

0 .

1 8

0 s

1 8

3 0

~ 4

3

1 5

5 1-

7 9

-1 10

8

-1 4

0 0

~ 1

0 1

0 ~

0 3

4 0

7 0

5 0

13 0

5 0

7 0

1 1

0 1

0 0

0 0

0 1

0 0

4 0

4 0

1 0

0 0

? 1

~ 1

5 ~

0 0

0 0

~ 0

0 0

0 0

0 1

treatment

spawning
# dams fisheries hatcheries -wounds

nAeased # recovered # recovered # recovered # recovered

looco

Ioolw

loom

10WO

100CI3

loocm

100CKI

1000O

ICNX!O

100W

loom

4557

10003

9146

9834

IOool

1000O

9392

IOOW

loom

10CQ3

IOoW

looo~

loax

loom

11

3

9

26

34

30

43

32

33

43

.$6

15

42

11

24

21

~1

51

93

~

~

1

6

15

18

0

0

0

0

1

3

I

1

0

4

0

0

3

~

o

0

~

6

5

0

0

0

0

0

I



Correlations of Total Adult Catch to VPA estimates

Table C5: Correlation of percentage of total adult returns to vpa estimates
of percent survival to age 2 for each hatchery in this analysis.

Hatchety
Total adult

Spawning
Hatchery catch

ground catch
catch ‘% %

‘x.

Bomeville  Brights 0.937 0.(242 0.581

Cowlitz 0.984 0.658 0.937

Grays River 0.978 (),795 0.9?7

Priest Rapids 0.941 0.-$39 0.935

Tanner C-k 0.954 0.279 0.803

Wshou.gal 0.990 0.7.54 0.955

Table C6: Freeze-branded chinook released at Priest Rapids and sampled at McNary Dam.

Brand  Brood Release date  N

R.4-T- 1 84 6/1 2/85 1397

L.A-T- 1

L4-T-4

R.4-T-2

RA-T-3
~-R-~

LA-R- 1
~.R.~

LA-R-4

LA-T- 1

LA-T-2

LA-T-3

LD-T-  1

LD-T-3

IL+-H- 1
R&H.~

RA-UP- 1

M-UP-3

RD-H- I

LA-u- 1

85 6/10/86 ~()~

85 6/10/86 ]~.$1

86 6/’08/87 1363

86 6/??87 1.$09

87 6/18/88 ~~

87 6D6/88 579

87 6KW88 494

8? 611 2/88 .$29

88 6/1 ~W9 666

88 6f29189 178

88 6/’22/89 335

88 6/1 8/89 350

88 6/27/89 213

89 61Q7/!X3 372

89 6I1OI!X3 333

89 6/1 9/%3 3@

89 6/16m 384

89 6/13/%) 214

90 61261W 578

Brand Brood Releax  d a t e  W

L.\-L-2

L.A-~-3

LD-~- 1

LD-L’-3

R.4-L-  1

R.4-Y-3
RA.U-~

RD-C- 1

RO-U-3
~.L’- I

L.4-V-2

L.+-L-3

LD-U- 1

I-D-L--3

LA-H- 1
~-H-~

LD-H- 1

LD-H-2

RA-H- 1

90

90

90

90

91

91

91

91

91

92

92

92
9?

92

93

93

93

93

93

6P2191

6120191

6/14/91

6/1 7/91

6/24/92

6/15/92
6/1 2/92
6/’2 1P.

6/1 8/V-
6II 8/93

6115193
6i2W3

6/2 1 f93

6i2-193

6L201’iM

611 41W

6/1 6/94

6/1 MM

6/1 8/%

504

605
552

490

537

.$67

470

487

465

658

2S6

.$02
329

33 I

243

420
::0

479

?0:
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Table C7: Data matrix used for Hilborn et al. model (5 &6) regressions.

relyr m a r k e d  ots.retum flow spill turb  tempt spill .ratio tonnage hatchery

7 6  1320W

76 152412

7’7 147338

78 152S32

79 48130

79 17467

79 5316

79 87~43

8 0  147145

81 194649

81 42089

82 262176

82 48700

83 204141

83 202388

84 74170

84 74392

84 74170

85 103665

8 5  105224

86 107461

gfj ~03534

87 48975

8 ~ 49769

8? 49331

87 487%

87 49551

87 48943

87 49511

87 48995

87 201779

8 8  1%221

89 201608

2179.15

3W9.78

1238.24

782.70

409.85

29,59

6.33

71.3?

$435.09

978.07

466.98

1468.12

453.55

1687.85

48130.77

1668.87

14%.57

1226.05

18.51.43

2CM0.62

1596.55

9g278

183.73

239.42

173.44

241.00

62.05

98.84

81.22

87.28

51-J~.38

lCQ.44

264.9.

239489.29

?39489.?9

93489.29

199139.29

210182.14

126553.57

126553.57

126553.57

179250.00

2567?23.57

323146.43

375535.71

342917.86

332089.29

208635.71

325746.43

32.5746.43

32s746.43

156937!.86

156932.86

254493.5?

176905.36

219407.14

219407.14

219407.14

219407.14

22is241 .43

220241.43

220241.43

158191.07

106301.43

123644.29

11042.5.36

61435.71

61435.71

O.al

14~~

15432.14

0.CK3

0.00

0.00

1257.14

31253.57

14@l%29

216546.43

1565%.43

135685.71

188214

144092.86

144092-86

144092.86

0.00

0.00

3WJ7.50

79(X3.:1

32883.57

32883.57

32883.57

32883.57

32940.CKI

32340.00

32940.LX3

2;5.36

0.00

0.00

0.00

233 16.94

Z33 16.%

4.% 19.21

2.37 17.62

2.W 14.50

3.24 18.93

3.24 18.93

3,~ 18.93

2.61 17,Lk$

2.46 15.95

2.54 13.19

1.?8 15.67

2.15 12.KI

1.95 15.28

~. ~~ 17.18

1.!X3 15.28

1 .W 15.28

I.!ll 15.28

2.88 17.54

288 17.54

206 8.67

2.07 17.24

2 w 12.62

2.99 12.62

299 1 ~6~

299 12.62

3.Cs3 12.$

3.00 12.$

3.00 12.54

2% 15,22

3.-$8 19.44

3.55 18.75

3.55 18.31

0.26 2fj2,$l)33004

0.26 ~6~9033~

0.00 2676503847

0.oo 2696194438

0 . 0 7  393m27

0 . 0 0  39380LW)27

O.CXI  3938130W27

0 . 0 0  3938CWW?

0.01 4122663’209

0.12 3791298958

0.43 3791298958

0.58 382668?145

0.46 3826687145

0.41 3798444366

0.01 3798444366

044 4113488611

0.44 4113488611

0.44 4113488611

0.00 4054288529

O.CKI 4054288529

0.14 3656581462

O.(M 3656581462

0.15 5533314176

0.15 5533314176

0.15 55333141?6

0.15 5533314176

0.15 5533314176

0.15 5533314176

0,15 5533314176

O.(XI 5533314176

O.@) 5533314176

O. IX) 557!M69121

O.@ 588444749-

prieat
priest
primt
priest
priest

priest

priest

priest

priest

priest

priesl

priest

priesl

pnea[

pnesl

priest

pnesl

priest

pne.sl

pnesr

pnesl

pnesl

pnesl

pnes[

pnesl

pnesl

pnesl

pnesl

pnes[

pnesl

pries

pne.sl

priest

77 135781 127.82 216338.56 46336.32 ~ :1 15.65 0.16 4314068926 ‘grays

78 143182 58.94 216338.56 46336.32 2:2 15.65 0.16 4314068926 -grays

79 73872 43.72 216338.56 46336.32 2.72 15.65 0 . 1 6  4314068W6 gay s

79 7635 5.98 216338.56 46336.32 2:2 1s.65 0 . 1 6  431406W.6 grays

79 68115 45.95 216338.56 46336.32 ~, ~~ 15.65 0 . 1 6  431406S’Z6 grays

79 92258 74.87 216338.56 46336.32 2.72 15.65 0.16 4314068926 grays
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Table C7: (continued).

relyr marked Obsreturn flow S@ turb t e m p t  spill.ratio tonnage hatchery

79 23402 69.92 216338.56 46336.32 2.72 15.65 0.16 4314068926 grays

80 37456 8~,08  216338.56 46336.32 272 15.65 0.16 4314068926 grays

81 10180 34.41 216338.56 46336.32 272 15.65 0.16 4314068926 &ys

81 64096 123.79 216338.56 46336.32 272 15.65 0.16 4314068926 gmys

8? 27460 6.55 216338.56 46336.32 272 15.65 0.16 4314068W6 grays

8? 45361 TX .23 216338.56 46336.32 272 15.65 0.16 4314068926 grays

83 97135 340.33 216338.56 46336.32 272 15.65 0.16 4314068926 grays

85 52090 1498.08 216338.56 46336.32 ~.7~ 15.65 0.16 4314068926 grays

85 52368 1510.03 216338.56 46336.32 ~.7~ 15.65 0.16 4314068926 grays

86 49874 123.16 216338.56 46336.32 2.72 15.65 0.16 4314068926 grays

86 50635 109.81 216338.56 46336.32 272 15.65 0.16 4314068926 gays

89 98541 32.02 216338.56 46336.32 2.72 15.65 0.16 4314068926 grays

79 32745

80 49334

80 100717

81 99532

81 102221

82 50553

8? 105029

82 104966

83 49918

83 9957(3

83 100244

83 100259

83 9!031

84 ~1~1

84 102184

84 96U8

84 101431

85 7896?

85 206756

85 51960

87 .$7943

88 53333

89 51181

89 50$24

89 49742

89 24352

897.03

487.91

865.92

693.05

1296.48

1339.55

467.83

ti9.45

980.16

161.49

997.86

78~.~7

1470.34

1634.69

25722A

73.75

1819.16

~J98.68

1787.91

1208.71

2233.89

37.06

54.25

54.43

71.39

246.53

216338-56

216338.56

216338.56

216338.56

216338.56

216338.56

216338-56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

46336.32

46336.32

46336.32

46336.32

.$6336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

.$6336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

0.16 4314068926

0.16 4314068926

0.16 43140689-6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068W6

0.16 -$314068926

0.16 43140689’26

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068?Z6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068W6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0 . 1 6  .43 14068!Z6

0.16 4314068926

bri@s

brights

bri@

bri@m

bri8hts

bri@E

brights

bri@.s

brighrs

brights

bri-@ts

bri:@

bri-tits

brights

bi=i@ts

bri-dts

bri.tits

bri-tits

bri@s

bri@m

brights”

b)-i@Is

brights

brights

brights

78 146001 529.30 216338.56 46336.32 272 15.65 0.16 4314068926 Cowlitz

80 244267 362.91 21633856 46336.32 272 15.65 0.16 4314068926 Cowlitz
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Table C7: (continued).

relyr m a r k e d  obs.retum flow spill W-b t e m p t  s p i l l .  rstio tonnsge hatchery

80 7(3$74

81 20719

81 153216

8 1  121271

82 ~ 1295

82 199176

83 150236

84 48946

84 4m36

84 48829

84 496&

85 48634

85 48X6

85 48382

85 44126

8 6  197500

87 2073(33

8 8  ~05308

89 206145

101.19 216338.56

395.22 216338.56

866.79 216338.56

3~6- 1~ 216338.56

23.38 216338.56

423.14 216338.56

480.46 216338.56

476.53 216338.56

625.53 216338.56

450.95 216338.56

477.22 216338.56

582.31 216338.56

549.3- 216338.56

532.35 216338.56

644.41 216338.56

550.27 216338.56

317.53 216338.56

97.10 216338.56

205.16 216338.56

46336.32 ~~~

46336.32 2.72

46336.32 2.72

46336.32 ~. 72

46336.32 2.72

46336.32 2.72

77946336.32 -  -

46336.32 2.72

46336.32 ~,~~

.46336.32 ~, ~~

46336.32 ?J2

46336.32 272

46336.32 2,72

7 ~?46336.32 - -

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 ~ :2

46336.32 2. Z

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15,65

15.65

15.65

15.65

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 43140689.6

0.16 4314068926

0.16 43140689’26

0.16 4314068926

0.16 4314068926

0.16 43140689-6

0.16 4314068926

O.I6 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068$26

Cowlitz

Cowtitz

Cowiitz

Cowli tz

CowliIz

Cow’li tz

Cowiitz

Cowlitz

Cowli tz

Cowlitz

Cowh tz

Cowlitz

Cowliu

Cowlitz

Cowlitz

Cowli [Z

Cowtitz

Cowtitz

Cowlitz

77 1 ~~:

78 151399

80 314605

81 ?7 8774

82 170424

83 101206

84 101594

84 100892

85 5207-

85 5273

85 51408

85 26173

85 ~X 169

86 ~14371

87 207377

203 I .49 216338.56

5%.64 216338.56

1154.67 216338.56

@5.63 216338.56

376.11 216338.56

674.98 216338.56

2163.75 216338.56

1377.31 216338.56

701.47 216338.56

580.88 216338.56

126Q74 216338.56

661.55 216338.56

592.25 216338.56

808.00 21633836

400.45 216338.56

442-54 216338.56

46336.32 2.2 15.65

46336.32 2.72 15.65

-$6336.3? ~-~ 15.65

46336.32 2, ~~ 15.65

46336.32 ~ ~~ 15.65

46336.32 22 15.65

.$6336.3? 2.72 [5.65

~~?46336,32 - 15.65

46336.32 22 15.65

46336.32 ~:: 15.65

46336.32 12 15.65

&5336.32 2, ~~ 15.65

46336.32 ~~~ 15.65

46336.32 ~. ?~ 15.65

46336.32 272 15.65

46336.32 ~ :2 15.65

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

4314068W6

4314068’Z6

43140689776

4314068926

4314068!Z?6

4314068926

4314068926

-$314068926

4314068926

4314068926

431U)6W?6

4314068926

431406W-6

4314068926

43140689-6

4314068926

washomyil

washougd

washou.gal

washou@

wsshougal

washougd

Washougsl

wsshougai

washougal

washou.gd

washougal

washougal

w.mhougal

washougal

wsshougalgg 213935

77 183202 241.36 216338.56 46336.32 ?J1 15.65 0.16 4314068Y26 tanner

79 9657s 577.51 216338.56 46336.32 2,:1 15.65 0.16 4314068926 tanner

79 95576 89.21 216338.56 46336.32 ~,7~ 15.65 0.16 4314068926 tsrmer

79 287916 877.74 216338.56 46336.32 2, ~~ 15.65 0.16 4314068926 tamer

79 15102 5.13 216338.56 ~~q46336.32 - 15.65 0.16 4314068926 tanner
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Table C7: (continued).

relyr marked Obs.return flow spill turb t e m p t  spilbatio tormage hatchery

81

81

81

81

81

81

81

82

82

82

82

82

82

82

83

83

83

83

83

84

84

84

84

85

85

87

87

87

87

87

87

87

87

48052

1~1(371

129961

75717

50805

51609

53235

51818

51044

50868

102827

105872

96798

51619

52452

52525

54106

100062

37492

49999

50779

5~615

47369

80348

80046

80138

81282

78367

78962

9891

88Z0

ltMo2

11176

15042

15683

16258

15991

53.80 216338.56

45.48 216338.56

52.07 216338.56

30.09 216338.56

155.91 216338.56

344.75  216338.56

208.35 216338.56

119.79 216338.56

78.:1 216338.56

81.58 216338.56

206.93 216338.56

19.s5 216338.56

119.82 216338.56

442.39 216338.56

3 -9.55 216338.56

87.40 216338.56

21.10 216338.56

:.60  ?16338.56

33.29 216338.56

14.09 216338.56

216.15 216338.56

119.59 216338.56

7s6.83 216338.56

299.:2 216338.56

1:8.82 216338.56

157.58 216338.56

20.1 Q 216338.56

46.42 216338.56

69.64 216338.56

38.:6 216338.56

2626.60 216338.56

2398.68 216338.56

41.01 216338.56

44.30 21633856

43.39 216338.56

38.84 216338.56

36.40 216338.56

104.42 216338.56

87.21 216338.56

53.53 216338.56

46336.32 Z72

46336.32 2.72

46336.32 ~,7~

46336.32 ~. ~~

46336.32 ~,72

46336.32 2, ~~

46336.32 ~~~

46336.32 ~. :’2

46336.32 ~, ~~

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 2.;2

46336.32 2.72

-t6336.32  2.72

46336.32 2?2

46336.3? ~ :2

46336.32 ?.72

46336.32 2.-2

46336.32 2. ?2

46336.32 2-2

46336.32 272

.46336.32 272

$5.336.32 2.-2

%336.32 ~ :2

46336.31 ~ :2

-$6336.32 272

.$6336.32 2.:2

46336.32 272

46336.32 ~:?

46336.32 2.72

46336.32 2.72

46336.32 272

46336.32 ~ ~~

.%336 .32 2.72

46336.32 ~~~

46336.32 ~~~

46336,32 ~?~

46336.32 ~ ~~

80 50462

80

80

80

80

81

81

15.65

15.65

[5.63

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15,65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.63

15.65

15.65

15.65

15.65

15.65

15.&

15.65

15.65

0.16 4314068926

0.16 4314068926

0.16 4314068W.6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068W6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 .$314068926

0.16 4314068926

0.16 4314068926

0.16 4314068$26

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 -$314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

tanner

tarmer

tarmer

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

lamer

banner

tanner

tanner

:amrer

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner
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Table C7: (continued).

relyr marked Obs.retum flow spill Olrb tempt Spill. ratio tonnage hatchery

87

87

87

87

87

87

87

87

87

87

87

87

87

87

87

8 ~

87

87

87

87

87

87

87

87

87

87

87

87

87

8~

87

87

87

87

87

87

87

87

87

87

15551

17933

15694

lf1350

16873

16940

17630

17252

16503

18859

16499

17880

19665

17120

15791

18171

13911

16964

15677

17495

17389

17926

17657

17W3

16328

18454

182?6

18226

15460

17795

18385

18202

1S311

18044

1782?

1 tl$79

18229

18546

lm71

17803

63.87 216338.56

80.94 216338.56

95.09 216338.56

67.41 216338.56

84.55 216338.56

44.29 216338.56

114.71 216338.56

93.43 216338.56

68.07 216338.56

77.24 216338.56

131.72 216338.56

130.15 216338.56

98.68 216338.56

g~,48 216338.56

61.50 216338.56

138.58 216338.56

102.09 216338.56

104.39 216338.56

104.33 216338.56

157.32 216338.56

7~J3~ 216338.56

104.87 216338.56

1?6.95 216338.56

73.24 216338.56

103.89 216338.56

146.44 216338.56

1~~.~  21633856

109.86 216338.56

61.33 216338.56

15233 216338.56

0.00 216338.S6

104.16 216338.56

126.95 216338.56

11435 216338.56

170.56 216338.56

82.09 216338.56

145.88 216338.56

61.20 216338.56

87.26 21633836

133.99 216338.56

46336.32 272

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 ~, 7?

46336.32 ~.~~

46336.32 ~. ~~

46336.32 ~, ~~

46336.3’2 2.72

46336.32 ~.~~

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 2,-2

46336.32 2.72

% 3 3 6 . 3 ?  2.72

46336.32 2.72

45336.32 2.72

46336.32 2.72

46336.32 2.7?

.$6336.32 ‘_72

46336.32 172

46336.32 17?

46336.32 172

46336.32 2.72

46336.32 2.72

46336.32 2.72

46336.32 272

46336.32 272

.%336 .32 2.-2

46336.32 272

46336.32 172

46336.32 2,:?

46336.32 ~,~~

46336.32 172

46336.32 ~~~

46336.32 172

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.63

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15,65

15.65

15.65

15.65

15.65

15.65

15,65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.&

15.65

15.65

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 431406W.6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068%6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0,16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068W6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068W6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 -$314068926

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

tanner

mrmer

tanner

tanner

tanner

tanner

tanner

lamer

tanner

tamer

tanner

tamer

lamer

tanner

tanner
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Table C7: (continued).

Ayr marked Obs.returrl f l o w spill turb rempc spill.ratio tonnage hmhery

87 18462

87 18302

87 17844

87 18087

87 1W34

87 18707

87 187%

87 18824

87 18087

87 18302

87 18891

87 18751

87 18653

87 1 80%

87 17821

87 18970

87 18757

87 1 W08

87 18261

87 18233

87 18532

87 18755

87 18278

87 18063

87 18’2~9

87 17755

87 18676

87 I 8440

87 18503

87 1 ~~

87 18868

87 18721

87 18711

87 1 ~~

87 17386

87 1W)3

87 18753

87 19007

8~ 18536

8~ 18112

158.15

115.64

126.13

109.93

153.26

~@2.38

170.85

166.55

150.79

129.73

9’)~.49

139.24

11~,1~

15238

188.23

161.41

175..$2

126.83

136.9.

17.$.35

139.50

201.61

176.50

105.31

123.28

178.16

9X5  .07

213.40

141.52

179.37

144.33

211.73

170.28

118.37

141.75

183.98

134.55

168.49

145.(X3

142.35

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

21633836

21633S.56

46336.3?

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

.%336.32

46336.32

46336.32

46336.32

46336.32

.46336 .32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

.$6336.3?

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

~, 72 15.65

27z 15.65

2.7z 15.65

~.~~ 15.65

272 15.65

2.72 15.65

2.72 15.65

272 15.65

272 15.65

2.72 15.65

2:2 15.63

~.7~ 15.65

779- - 15.65

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314Q68926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 431.4068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0,16 4314068926

0.16 4314068926

0.16 4314068926

0.16 431406W.6

0.16 4314068926

0.16 431406SW6

0.16 4314068!326

0.16 4314068926

0.16 4314068926

0.16 43140689?6

0.16 431406W26

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 43140WZ6

0.16 4314068926

0.16 431406SW6

0.16 4314068926

0.16 4314068926

0.16 4314068926

tanner

tamrer

tanner

t amrer

tanner

lamer

lamer

tamer

tanner

tarmer

tanner

tamrer

tanner

tamer

tanner

tarmer

:artner

tanner

tanner

tanner

t armer

tarmer

lamer

tanner

tanner

lamer

tanner

tanner

lamer

lamer

lamer

tanner

tanner

Lmner

tanner

tanner

tanner

tamrer

tamter

tanner



Table C7: (continued).

rdyr m a r k e d  ebs.mlurtr flow spill turb tempt spill. ratio tormage hatchery

87 17830

87 1~~~

87 1 W83

88 29480

88 2X)() 1

88 3CKJ40

88 28954

88 29510

88 29867

88 29952

88 30071

88 ~~~1

88 30235

88 29579

88 2V. 15

88 29372

88 2%34

88 2%50

88 29664

88 29315

88 29437

88 29351

88 2%90

88 ?9845

88 ~%~ 1

88 29600

88 29739

88 2WO0

88 ~9g~~

88 2%17

88 3CX387

88 ?9387

88 30006

88 29853

194.54

226.74

182.66

112.43

110.09

127.25

173.45

~+~3

161.91

13.04

21.34

16.57

20.07

1~.~8

14.22

~.~~

1~.6~

17.15

9.94

12.16

20.42

1~.1~

12.50

12.75

9.35

21.86

11.69

12.16

16.85

8.36

11.95

18.38

12.58

23.72

11.03

1.00

17.46

21.83

8.89

12.08

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

-$6336.32

46336.32

46336.32

46336.32

46336.32

46336.32

4.6336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

87 18930

87 18726

87 18309

87 18529

87 18312

87 1 !3~98

272 15.65

272 15.65

172 15.65

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 43140689-6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 43 14068%6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 431406SW6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

tanner

tsmter

tatmer

timrrer

tarmer

tsmler

tamer

tanner

tanner

tartrrer

tanner

taooer

trmner

tarmer

tanner

tamer

tamer

tarmer

tarmer

tanner

lamer

tarmer

tanner

tanner

tanner

tanner

tarrrter

tanner

tamer

tanner

tanner

tanner

tanner

Utrner

tarmer

tanner

Umner

tamter

tamer

tanner
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Table C7: (continued).

mlyr marked Obs.returrl flow spill turb t e m p t  .@l.ratio tonnage hstchery
—

88

88

88

88

88

88

88

88

88

88

88

8S

88

88

88

S8

88

88

88

88

88

88

88

88

88

88

88

88

88

89

89

89

89

89

89

89

89

89

89

89

29503

29305

29493

29813

29794

29484

29602

29$77

296$8

29538

29909

30248

30193

29509

30249

~%~~

30886

28413

296:5

~%~

29316

~~~ 1

2W35

2%94

2%85

29344

2m7-t

29394

29658

2%59

2%89

2%95

30072

30026

3otM7

29i37

29734

29721

29391

29375

16.48

20.52

28.65

4.15

15.65

18.15

14.33

7.60

8.09

10.58

23.15

8.81

16.33

14.88

11.36

TQ66

?-l 7?-----

31.11

1.$.21

14.61

37.48

38.20

~~.5 :

29.3-

31.67

26.32

50.:8

45.41

~~,69

60.61

78.55

72.76

95.43

80.79

145.08

16.05

22.56

19.38

42.21

64.05

216338.56

216338.56

216338.56

216338.56

216338-56

216338.56

216338.56

216338.56

?16338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

21633856

216338.56

216338.56

? 16338.56

216338.56

216338.56

216338.56

216338.56

216338.56

216338.56

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.3?

45336.32

46336.32

46336.32

46336.32

46336.3?

.$6336.32

46336.32

46336.32

46336.32

46336.32

46336.32

6336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

.$6336.32

%336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

46336.32

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068!E6

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 -$314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 43140689’26

0.16 4314068926

0.16 4314068W6

0.16 4314068926

tanner

tmmer

tanner

tanner

tstmer

tanner

t armer

tanner

tanner

tanner

tamer

tarmer

tanner

tanner

tsnner

tanner

tanner

tanner

tanner

tanner

tanner

tamer

tarmer

tanner

tanner

tanner

Ismter

tanner

tanner

tanner

tanner

larmer

Umner”

tanner

tanner

tanner

lamer

lamer

tsmrer

tanner
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Table C8: Tag codes of subyearling fall chinook releases used in this analysis.

Bonneville Brights Hatchery

071658 071660 071661 071735 071733 071734 072207 072141 072142 072506 072507

072143 072424 072426 072545 072548 072547 072741 072826 072827 072828 073124

073125 072829 073008 073126 073323 073326 073007 073317 074129 074309 074319

074320 073318 074254 074304 074963 075030 075033 073555 075408 075409 071416

071417 075521 075618 075619 071460 071461

BonnevilleTannerCreek Hatchery

091605

072133

072343

072416

073121

232058

232106

232117

232128

232139

232150

232161

232209

232220

232511

232532

232555

232613

232635

233111

074747

075756

071656

072134

072344

072417

073122

232059

232107

232118

232129

232140

232151

232162

232210

232221

232513

232535

232556

232614

232637

233122

074749

071659

072135

072345

072425

073123

232060

232108

232119

232130

232141

232152

232163

232211

232222

232514

232537

232559

232616

232638

233135

074750

071608 071613 071657 071842 071843

072136 072157 072138 072139 072156

072346 072358 072140 072363 072407

072546 072663 072701 072727 072728

073322 073323 232052 232053 232054

232061 232062 232063 232101 232102

232109 232110 232111 232112 232113

232120 232121 232122 232123 232124

232131 232132 232133 232134  232135

232142 232143 232144 232145 232146

232153 232154 232155 232156 232157

232201 232202 232203 232204 232205

232212 232213 232214 232215 232216

232223 232224 232225 232501 232502

232516 232519 232521 232522 232525

232S38 232541 232542 232544 232547

232561 232562 232601 232602 232604

232619 232621 232622 232625 232626

232641 232642 232644 232647 232649

233147 233159 233207 232802 232814

074752 074755 074756 074402 074404

CmvlitzHatchery

071914

072329

072408

072729

232055

232103

232114

232125

232136

232147

232158

232206

232217

232504

232526

232549

232607

232628

232650

232826

075753

071736
072341
072414
072730
232056
232104
232115
232126
232137
232148
232159
232207
232218
232507
232528
232550
232608
232631
232652
232838
075754

071913

072342

072415

073120

232057

232105

232116

232127

232138

232149

232160

232208

232219

232508

232531

232552

232611

232632

232655

232850

0/3/33
- . - - -

631802 631942 631951 632154 632159 632137 632156 632255 632032 632450 632462

632603 632503 632610 632327 632328 633019 633ti0 633124 633125 633235 633236

633237 633238 633448 633449 633450 633451 634108 634126 635231 635250 630452

634056 634526 635015
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Table C8: Tag codes of subyearling  fall chinook releases used in this analysis.

Grays River Hatchery

130402 130807 131615 631603 631743 631646 631833 631937 631939 631859 632043

632340 632263 632458 632459 632237 633242 633243 633326 633327 633759 633760

630419 635537 635538 635541 634218 634220 635911 634227 634229 634615 634933

Washougal  Hatchexy

010206 631641 631803 631938 631946 632153 632251 632148 632461 632238 632239

632259 633116 633117 633118 633119 633334 633335 633407 633408 633414 633415

633416 633433 633434 633827 633828 633829 633830 633831 633832 634113 634150

635228 635904 635621 634616 635040 635043

Priest Rapids Hatchery

131101 131202 631662 631741 631821 631857 631958 632017 631948 632155 632261

632252 632456 632611 632612 632848 632859 632860 633221 633222 632330 634102

051915 051916 051917 051918 051919 051920 051921 051922 634128 635226 635249

630732 634057 634341 635010
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Appendix D: Plots of Daily River Conditions for Month
Following Priest Rapid’s Hatchery Releases

Table of Fimres

D1 Comparison of VPA’S estimated before and after (XVT database update in November 1995.

D2 Plots of daily flows for the month following Priest Rapid’s releases.

D3 Plots  of daiiy spill for the month following Priest Rapid’s releases.

D4 Plots of daily turbidity for the month follow~c  Priest Rapid’s releases.

D5 Plots of daily temperature for the month following Priest Rapid’s releases.
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Figure D 1 shows how the VPA’S calculated prior to the CWT database update differ horn those calcu-

lated afterwards. Most of the hatchery stock released had an estimated increase in percentage of released fish

surviving to age 2, though Priest Rapids benefited more than those reference hatcheries used in this analysis.

Figure D 1: Comparison of VPA’S estimated before and after CWT database update in November 1995.

m 1 0 Bonneville Bri@s
A TamEz  Creek
+  Cowlitz
x Gray ‘s River

u)
0 Priest  Rapids
v Washougai

0
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Plots of river conditions and the least-squares regression line used in this analysis. Twenty-eight days

after each Priest Rapid’s release was used in regression to obtain an intercept and slope characterizing that

particular set of river conditions the batch was subject to. The intercept represents initial conditions and the

slope is the rate of change of those conditions. R2 values were calculated and are displayed under each plot.
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Figure D5:
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Appendix E: ANODEV Tables for Model (1)

Table of Tables

El base model (l).

E2 release year+ harchery + one river condition at McNary  Dam.

E3 release year+ hatchery + two river conditions at McNary Dam.

E4 rele~e year+ hatche~ + three river conditions at McNary Dam.

E5 release year + hatchery + hatche~) contribution + one river condition + flow  at McNary Dam.

IJ@

168

169

170

171

172



Release year + hatchery  is the basic model for the rest of the regressions presented in this section.
Notice that these two variables explain approximately 70 percent of the variance seen in the survival
rates.

Table El: Analysis of deviance tables for base model (l).

Source d.f. Deviance !Mean Dev. F P R?

Towd=O= 317 556.4877

release year 13 351.9525 27.0733 40.2389 < l~l~lc I 0.6325

error 3(M 9334.5351 0.6728 I

source d.f. Deviance Mean Dev. F P R?

To@O. 317 556.4877

hatchery 5 70.5931 1%1186 9.0658 4.61x10 48 0.1269

error 31? 485.8!M6 1.5574 I

Source d.f. Devianee iMean Dev. F P Rz

TOM_ 317 556.4877

release year 13 351.9525

hatchery
0.6866

5 30.1358 6.W.72 10.3333 3.73X1049

err’cm~  ~*, 299 174.3993 0.5833 I
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Table E2: Analysis of deviance tables for release year + hatchery + one river condition at

McNary Dam. R* values are for base model+ river condition.

source d.f. Deviamx Mean Dev. F P R]

Totalh=  .til 299 174.3993

flow 1 11.0859 11.0859 2 0 . 2 2 8 5  9,8~x~o-06 I 0.7065

en-or 298 163.3135 0.S480 I

s o u r c e d.f. Devianm Mean  12-ev. F P R?

Totalh=  ~Al 299 174.3993

spill 1 10.8316 10.8316 19.7338 U6X1045 0.7061

error 298 163.5677 0.5489

Source d.f. Deviance Mean Dev. F P R:

To%ase  mti! 299 174.393

turbidtty 1 12.7106 12.7106 23.4263 2.09X lo% 0.709

en-or 298 161.688T 0.5426 I

source d.f. fkviamx Mean  Ikv. F P R:

To~bae  m~l ?99 17.$.3993

temp.a-ao.m  (C) 1 0.0018 O.(XJ 18 0.0031 0.9s59 I 0.6866

- 298 174.3X5 0.5852 t

source d.f. Deviamx \leao  Dev. F P R:

To~* m~i 299 174.3993

spill  ratio 1 9.0525 9.0525 16.3151 O.mol I 0.70?9

error 298 165.3468 0.5549 I

source d.f Deviance Mean Dev, F P R:

Total- .b[ 299 174.3993

hatchery contribution 1 19.6183 19.6183 3 7 . ? 7 1 0  ~.55x@’9 0.T219

- 298 15.4.7811 0.5194 I

Hatchery contribution is the most significant variable, but note that all except temperature have low p
values (p < 0.05).
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Table E3: Analysis of deviance tables for release year + hatchery + two river conditions at McNary
Dam. The over-all model p value is the significance measure for both river conditions added to
the base model release year + hakhery, not all four variables together.

source d.f. Deviaoee Mesn Dev. F P

Totaf& .&l 299 174.3993

hatchery contribution I 19.6183

flow 1 5.4509 5.4509 10.8413 O.OQ11

error wi 149.3301 0.502s

over-all model p value 9.81x 10-11

Source d.f. Deviance Mean Dev. F P

Totafh=  .&i ?99 174.3993

hatchery contribution 1 19.6183

spiff 1 5.2793 5.1793 10.4878 0.0013

error 2!T 1.$9.5018 0.503-$

over-d model p value 1.16x10’0

Source d.f. Deviance ?dean &v. F P

Totalk  .@l 299 174.3993

hatchery contribution 1 19.61S3

turWity 1 5.2862 5~86~ 10.50?1 0. CM)13

- ~9- 1-$9.4948 0.5033

over-alf  model p value 1. I5XIO-10

source d.f. Deviance Mean Dev, F P

ToualW .til 2!W I 74.3993

hatchery contribtnion i 19.6183

tempa-atwe  (C) 1 1.2037 1.203 - ~.3~79 0.12s1

errcu w - 153.5 --3 0.51-1

over-afl  model p value 6.31 x10m

source d.f. fkviamx Mean Dev, F P

ToWase m+] 299 174.3993

hatchery contribution 1 19.6183

spill ratio 1 5.0739 5.0709 10.0599 0.CQ17

- 297 149.7102 - 0.s04 1

over-all model p value 1..$3X1OJJ
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Again, idl added river conditions except temperature are highly significant (p < 0.05). Flow is chosen
as the next variable to include in the model, though spill, turbidity or spill ratio could as easily be consid-
ered.

Table E4: Analysis of deviance tables for release year + hatchery + three river conditions at McNary
Dam. The over-all model p value is the significance measure for the three river conditions added
to the base model release year + hatchery, not all five variables together.

source d.f. Oeviarm Mean  Den’. F P

Totalb,=  ~ti, 299 174.3993

hatcheg contribution +tlow ~ 2S .0692

spin 1 0.1805 0.1805 ().3583 0.5499

error 2% 1.49.1496 0.5039

over-all model p value -L73X1O”1*

Source d.f. Deviance Mean Dev. F P

Totalb .&, 2)9 17-$.3993

hatche~ contribution +flow ~ 25.0692

turbidiv 1 0.58-3 0.58:3 1.1687 (), ~gofj

- 2% 148.-42’? 0.5025

over-all model p value 3.18x10-’0

source d.f. Deviance \lean  Dcv. F P

T o t a lk .x] 299 174.3993

hatchery contribution +flow ~ 725.0692

temperattne  (C) 1 0.5096 0.5096 1.0135 0.3149

error 2% 148.S206 0.5028

over-all model p value 3. J3XI0-1*

source d.f. f)evianm Mean Oev. F P

Total- .~l 299 174.3993

hatchery contribution +Row ~ 25 .06W

spill ratio 1 0.0321 0.0321 ‘00636 0,s011

- 2% 149.298 I 0.5044

over-all model p value 5.46!(10-I*

No further information is gained by adding more river conditions to the regression. The best

model is Iog(observed returnsltotaI  released) = release year + harchety + hatchen~ contribution

+ pow.
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One additional exercise was conducted with the following model: base model plus hatchery contribu-

tion plus one river condition plus flow. Spill, turbidity, temperature and spill ratio covariates were each

inserted into the model (Table ES). The addition of any other covariate,  with the exception of tempera-

ture, prior to flow appears to make the flow covariate nonsignificant (p > 0.05) to the model. This exercise

simply confirmed that flow was highly correlated with most other river conditions.

Table ES: Analysis of deviance tables for release year + hatchery + hatchery contribution + one river
condition + flow at McNary Darn. The over-all model p value is the significance measure for “tie three
river conditions added to the base model release year + Mchev, not all five variables together.

source d.f. Deviance ,Me3n Da, F P

To[aIb= *0*] 299 174.3993

hatchery conh-ibution  +spill 2 24.89i6

flow 1 0.3522 0.3522 0.69W 0.4038

error 2% 149.14% 0.5039

over-all model p value 4.73 XIO-10

source d.f. Devisnce Mean Dew f= P

Totalk  .~l 299 174.3993

hatchery contribution + ~ 24.9045
turbidity

flow 1 0.:520 0.7520 1.4964 0.2222

error 2% 148.7429 0.5025

over-sff  model p value 3.18xIO”Lo

source d.f. Devisnce Mean Dev. F P

Totalti=  .~l 299 174.3993

hatchery contribution + ~ 20.8220
temperature (C)

flow 1 4.7568 4.:568 9.4611 ().00?3

error 2% 148.8206 0.502S

over-di model p value 3.-I3XIO-”3

Soum d.f. Deviamx Mean Dev. F P

To%aac  m-i 299 174.3993

hatche~  conrributioo + ~ 24.6892
spill ratio

flow 1 0.4121 0.4121 0.8170 0.3668

- 2% 149.2981 0.5044

over-all model p value 5.46x10 10
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Appendix F: ANODEV Tables for Model (2)

Table of Tablq

F1 base model (2), (mcxiei  ( 1). adjusted for probability of transportation).

F2 release year + hatchery + one river condition at McNary Dam.

F3 release year + hatchery + two river conditions at McNary Dam.

F4 release year + hatchery + three river conditions at McNary Dam.

&Q

174

175

176

177
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Release year + hatchery is the basic model for the rest of the regressions presented in this section.
Notice that these two variables explain approximately 68 percent of the variance seen in the survival
rates.

Table F1: Analysis of deviance tables for base model (2), adjusted for probability of
transportation.

source d.f. Deviance &lean  Dew. F P Rz

Toblcm 31- 547.8629

release year 13 341.8419 ~6.~955 38.8011 < 1.OXIO-’6 0.6240

error 304 206.0209 0.677?

soul-m d.f. Deviance Mean Dev. F P Rz

TomlcOw 31- 547.8619

hatchery 5 59.2985 11.8597 7.5737 9wIo-07  I 0.1082

error 312 488.564-$ 1.5659 I

source d.f. Deviance Mean  Dev. F P R :

TO%= 317 547.8629

release year 13 341.8419 I

+ hatche~ 5 28.7870 5.7574 I 0.6765
9.7129 1.31X1048

‘base model 7!99 1::.2339 0.5928
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Table F2: Analysis of deviance tables for release year + hatchery + one river condition at

McNary Dam.

source d.f. Devianm Mean  Dev. F P R~

To%wa  ma] 299 177.2339

flow 1 13.8247 13.8247 75.2113 8,86xlo~ 0.7017

error 298 163.-$092 0.5484 I

source d.f. Deviance Mean Dev. F P Rz

Totalh=  ~~1 299 177.2339

spill 1 13.82S2 13.fn82 25.2182 8.83xlo~ 0.7017

error 298 163.4057 0.S483 I

Source d.f. Devimrcz Mean WV. F P R=

Totaiwm~i 299 l-7,y39

turbidity 1 l.t.590- 14.5’X% 26.7335 4.29X lo~ I 0.7031

errcr 298 162.6432 0.5458 I

Source d.f. Deviancg Mean DeY. F P R2

Total~ ~bi W) 1-:,2339

temperwure  (C) I 0.0149 0.0149 0.0251 0.8742 I 0.6765

error 298 1--.219Q o.594- I

Soum d.f. Da im~ Mcm Dev. F P R2

Totalk .~l 299 1-7.2339

spill rstio 1 11.7868 11.7868 21.2301 6.05X Ioa 0.6980

error m 165.4-$ - I 0.5552

source d.f Dev lam Mew Ekv. F P R2

ToM- ~Al 299 1-7.2339

hralchery  contribution 1 20.4462 20.4.!62 38.X612 1.55X1049 0.-138

error W8 156.7878 0.5261 I

Hatchery contribution is the most significant variable, but note that all except temperature have low p
values (p c< 0.05).
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Table F3: Analysis of deviance tables for release year + hatchery + two river conditions at McNary
Dam. The over-all model p value is significance measure for both river conditions added to
the base model release year + harchery,  not all four variables together.

Source d.f. Deviance lMean Dev. F P

Totalk=  ~&l 299 1?7.2339

htichery conu-ibution 1 20.4462

flow 1 7.3559 7.3559 14.62(13 0.0002

error 29’7 149.4319 0.5031

over-all model p value 9.9Clxlo-1~

Source d.f. Deviance Mean Dev. F P

To@-mse  model 299 177.2339

hatchery cwrm-ibution 1 20.4462

over-all model p value 9.74x lo-’~

source d.f. D.wianm Mean Dev. F P

Total-  .-, XV 177.2339

hatchery conh-ibution I 20.-$-$62

turbidity I 6.4352 6..4352 12.:119 0.0004

error 297 150.3525 0,S062

over-all model p value 2.46x 10”il

source d.f. Deviance Mean Dev. F P

To~t-ase  m~i 299 17:.2339

ha(cheg contribution 1 20.4462

temperature (C) 1 1.6662 1.&62 3.1%)2 0.0:51

- 2’77 155.1215 0.52!?3

over-all model p value 2.5-tx lo@

Source d.f. Deviance .Mean  Dev. F P

‘“%-ase  model 299 17:.2339

hatchery contribution 1 20.4462

apiil  ratio 1 7.1100 7.1100 1-$.1081 0.CQ02

~ 297 149.6777 0.5040

over-all model p value 1.26x10 -i]
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Again, all added river conditions except temperature are highly significant (p < 0.05). Spill is chosen
as the next variable to include in the model, though flow, turbidity or spill ratio could as easily be consid-
ered.

Table F4: Analysis of deviance tables for release year + hatchery + three river conditions at McNary
Dam. The over-all model p value is significance measure for the three river conditions added
to the base model release year + hamhery, not all five variables together.

s o u r c e d.f. Deviance Mean Oev. F P

TotaL&= ~bl 299 177.2339

hatchery  contribution ~ ~7,818~

+Spdl

flow 1 0.3478 0.3478 0.69W 0.4066

error 2% 149.0679 0.5036

over-aLl  model p value 4.19X IO”1!

source d.f. Devianc2 Mean  Dev. F P

hatchery contribution ~ 27.8182
+spia

turbwy 1 1.3003 1.3003 2.5986 0. I(X3O

error 2% 148.1154 0.5004

over-all model p value 1.65x 10-:1

source d.f. Deviance Mean  Dev. F P

ToI%. moiei 299 1--.2339

hatchery contribution ~ 27.8182
+Spiu

temp-marum (C) 1 0.0081 o.C@3 1 0.0160 0 8(W3

error 2% 14940-6 0.5(M8

over-aU model p vsLue 5 wxlo”’i

No further information is gained by adding more river conditions to the regression.
The best model is log(observed  returnsltotal  released) = release year + harchen + hatc}z -
ery contribution + spill.
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G1
G2

G3

G4

G5

G6

G7

G8

G9

G1O

Gll

G12

G13

G14

Appendix G: ANODEV Tables for Model (3)

Table of Tables

Grays River reference, using siq$e river conditions and unadjusted observed counts.

Grays River reference using two river conditions and unadjusted obsemxi counts.

Bomeville Brights reference using siqgle  river conditions and unadjusted obsexwd counts.

Bonneville Brights reference using tsvo river conditions and unadjusted obsexved counts.

Bonneville Brights reference using three river conditions and unadjusted observed counts.

Cowl.iQ reference using single river conditions and unadjusted observed counts.

Cowiitz reference using two river conditions and unadjusted observed counts.

Washougal reference using single river conditions and unadjusted observed counts.

Washougal  reference using two river conditions and unadjusted observed counts.

Washougal  reference using three river conditions and unadjusted obsexved counts.

Tanner Creek reference using single river conditions and unadjusted observed counts.

Tanner Creek reference using  two river conditions and unadjusted observed counts.

Tanner Creek reference using three river conditions and unadjusted observed counts.

Tamer Geek reference using four river conditions and unadjusted observed counts.

179

180

181

182

183

184

185

186

187

188

189

190

191

192
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Table G 1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source d.f. Deviance Mean Dev. F P R~

To&n 17 18.7713

flow.a  + flow.b’ 4.8690

error 15 13.9023 0.9268

Source d.f. Deviance Mean fkv. F P R:

ToMLo. 1: 18.:713

spilf.a  + spiIf.b ~ ‘4.0949 2.(X74 2.0926 0.15:9 o~181

error 15 14.6765 0.9784 I

Sourw d.f. Deviance Mean Dev. F P Rz

Torafmfi 1- 18.7713 I

rurb.a  + rurb.b ? 4.7406 ?.3703 2.5341 0.112- o~~

- 15 1-$.030: 0.9354

source d.f. Deviance Mean Dev. F P R2

TO%= , - 18. -713

tempt.a + @mpc.b , lo.Z18- 5.1293 9.0383 O.(XK 0.5465

- 15 8.512- 0.5675

source d.f. Deviarm \lean  Dev. F P R?

To% ,- 18.:-13

spiU ratio 1 -$. l-w): 4.140: 4.5283 0.(M9? 0.2W6

error 16 1.$.6306 0.9144 I

source d.f. Deviance Mean Dev. F P R2

hatchery contribution 1 1.5229 I .5229 l.-r12- 0. 25?0 0.0811

- 16 l:,~~g.1 1.078

& “a” ending indicates the intercept, “b” indicates the slope of rhe linear regression for fhat variable



Table G2: Analysis of deviance tables for Grays River references using two river conditions
at McNary Darn and observed counts, unadjusted for the probability of transportation.

Source d.f. Deviance Mean Dev. F P

ToM40. 17 18.7713

tempt.a + tempt.b ~ 10.25W

spill.a + spill.b ~ (3.7294 0.3647 o.6ow 0.5586

- 13 7.7832 0.5987

over-all model p value 0.0157

Source d.f. Deviance Mean Dev. F P

Tot&m 1: 18.7713

tempt.a + tempt.b ~ 10.2587

turb.a + turb.b ~ 1.9323 0.%62 1.9087 ().1876

error 13 6.5S0-! 0.5061

over-all model p value 0.0057

Source d.f. Dwiance Mean Da. F P

TO~x ,- 18.7:13

tempt.a + rempc.b ~ 10.2587

flow.a + flow.b -, I.lo8- 0.55.U 0.9:33 0..5037

error 13 7.4(MO 0.5695

over-all model p vaiue 0.0117

Source d.f. Deviamx Mean WV. F P

To~m ,- 18.7713

tempt.a + tempt.b . 102.58-

spill ratio 1 0.54-4 0.54:4 0.%20 0.3433

- 14 -.9653 0.5690

over-all model p value 0. CK)6?

source d.f. Deviamx Mean Dev. ‘F P

To~. 17 18.7713

tempt.a + tempt.b ~ 10.2587

hatchery contributim 1 1.0636 1.0636 1.9989 0.1793

- 14 7,.t491 0.5321

over-all model p value 0.0039
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Table G3: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Darn and observed counts, unadjusted for the probability of
transportation.

s o u r c e d.f. Oevianee Mean Dev. F P R :

To% 26 61.5207

flow.a  + flow.b ~ 14.5308 7,2654 3.7108 0.0394 \ o,236~

error 24 46.9899 1.9579 I

s o u r c e d.f. Deviance Mean Dev. F P R :

Totalcw 26 61.5207

spill.a + spill.b ~ 14..$427 7.~~14 3.6814 0.(?403 o,~48

e r r o r 24 47.0780 1.%16

source d.f. Devianm \iean  Dev. F P R :

Total cOr 26 61.5207

turb.a + torb.b ~ 28.0382 14.0191 lo.@t88 O. OX)- I ().4558

error 24 33,4825 1.3951 I

s o u r c e d.f. Dev j~ce Mean De. F P R:

T.% 26 61.5207

Iempc.a  + tempt.b ~ 3.1(333 1.5802 0.6498 ().53 I 1 I 0.0514

- ~u 58.36(M 2.431- I

source d.f. Deviance &lean Dev. F P R:

ToW= 26 61.520 -

spilf rslio 1 1 I .226: 11.226- 5.5806 ().0263 0.1825

m 25 50.2%0 2.0118 I

source d.f. Deviance Mean Dev. ‘ F P R :

ToG 26 61.5207

hslchery  contribution 1 19.35?: 19.352- 11.4736 ().(X)22 ().3 146

- 25 42.1679 1.6S67 I



Table G4: Analysis of deviance table for Bomeville Brights references using two river
conditions at McNary  Dam and observed counts, unadjusted for the probability of
transportation.

Source d.f. Devianffi Mean Dev. F P

To@or 26 61.5207

turb.a  + turb.b ~ 28.0382

error ~~ ?9.0053 1.3184

over-all model p value 0.0017

Source d.f. Dsviance Mean Dev. F P

TO*M 26 61.5207

furb.a + turb.b ~ 28.0382

spill.a + spill.b ~ 4.8463 2.~~~ 1.8616 0.17?1

error ~~ 28.6362 1.3016

over-alf  model p vadue 0.0015

source d.f. Deviance Meats Dev. F P

ToWor 26 61.5207

turb.a + turb.b ~ 28.0382

tempt.a + tempt.b ~ 8.699 4..3495 3.861 0.0365

- 22 24.7835 1.1265

over-all model p value 0.0003

source d.f, Devialkx Mean De.v. F P

Toml_ 26 61.5337

turb.a  + turb.b ~ 2S.0382

spill ratio 1 0.4635 0.4635 0.3229 0.5-54

- 23 33,01W 1.4356

over-all model p value 0.0022

s o u r c e d.f. Deviance Mean Dew F P

Tou+m 26 61.5207

turb.a + turb.b ~ 28.0382

hatche~ contribution 1 0.5881 0.58s 1 0.4112 (),5~7-

- 23 32.894.4 1.4302

over-d  model p value 0.0021
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Table G5: Analysis of deviance tables for Bomeville Brights references using three river
conditions at McNary  Darn and observed counts, unadjusted for the probability of
transportation.

Source d.f. Deviancx Mean Dev. F P

To@ov 26 61.5207

mrb.a  + turb.b + 4 36.7372
tempt.a + tem~.b

spifl.a  + spill.b ~ 3.5370 1.7685 1.6648 ()~1~

error 20 21.2465 1.0623

over-alf  model p value 0.01X)8

Source d.f. Devianee Mean Dew. F P

T040rr 26 61.5207

turb.a  + turb.b  + 4 36.7372
tempt.a + rempcb

fiOW.a + Row.b ? 3.0134 1..5067 1.3S42 (),2735

error 20 21.7701 1.0885

over-all model p value o.otn9

source d.f. Deviamx Mean  Dev. F P

Totalw= 26 61.5207

furb.a  + turb.b  + 4 36.7372
fempc.a  + tempt.b

spill ratio 1 0.6784 0.67S4 0.5910 0.4506

error 21 24.1051 1.14:9

over-d model p value 0.0008

source d.f. f2.3viance Mean Dev, F P

TOG ‘X 61.520-

Nrb.a + turb.b  + .$ 36.7372
tempt.a + tempe.b

hatchery cmm-itnniar 1 0.0150 0.0150 0.0127 0.9112

- 21 24.76S5 1.1795

over-all model p value 0.0011



Table G6: Analysis of deviance tables for Cowlitz references using single river conditions
at McNary Dam and observed counts, unadjusted for the probability of transportation.

source d.f. Deviance .Mean Dev. F P RI

TomicO= ~5 7.9715

flOW.J + flow.b ~ 0.9834 0.4917 1.6183 (), m)fj 0.1234

error ?J 6.9881 0.303 s

Source d.f. Deviance .Mean Dev. 1= P R :

Tot~O= 3 7.9715

suilb + spifl.b ? 0.4.973 13.2.48(j 0.7651 0.4768 0.0624

error 23 7.47.4? 0.32S0

Source d.f. Deviancz Mean Dew. F P R~

Tot~O= 3 7.9715

turb.a  + turb.b . 1.4764 0.7382 2.6142 0.0948 0.1852

error 23 6..$951 I

Source d.f. Deviance Mean  Dev. F P R=

To@O= 3 7.9:15 I

tempt.a + Iempc.b ~ 0.6414 0.320? 1.0063 0.3811 I 0.0805

error 23 7.330 I 0.3187 I

SWMC2 d.f. &v  iance Mean Dev. F P R2

To@O= 25 7.9-15

spill ratio 1 0.4387 0..$38T 1.39-- 0.248: 0.0550

error ?J 7.532s 0.3139 I

source d.f. Deviance Wan Dev. F P R2

Toudmfi 25 7.9715

hatchery contribution 1 0.8586 0.8586 2.8972 0.1017 I 0.1077
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Table G7: Analysis of deviance tables for Cowl.it.z  references using two river conditions at
McNsry  Dam and observed counts, unadjusted for the probability of transportation.

source d.f. Deviance Mean Dev. F P

To% 25 7.9715

mrb.a  + turb.b ~ 1.4764

flOW.i3 + flow.b ~ 0.3404 0.1702 0.5808 0.5682

error 6.1546 o.~931

over-all model p vafue (),~~~

Source d.f. Deviance \learl Dev. F P

To@orr 25 7.9715

turb.a  + trn-b.b ~ 1.4764

spilf.a + spill.b ~ 0.1282 0.0641 O,Q115 0.8111

- 21 6.3668 0.3032

over-all model p value 0.?940

Source d.f. Devianee Mean WV, F P

ToW.. ~5 :,9T15

turb.a  + turb.b ? 1 .4-N

rempc.a + tempt.b -1 0.s015 O.-lore 1.4780 0309”

- ?1 5.6936 0.2:11

over-afl  model p vafue 0,1168

source d.f. Dev ianee \lean Dev. F P

Tota& ?5 :.9-15

mrb.a + turb.b ~ 1.4:6-1

spill ratio I 0.02:5 0.02:5 0.0936 0.7625

- .,.- 6.4675 0. Z).M)

over-afl  model p value 0.1951

source d.f. flexian~ \lesll  De>,. F P

To& 25 7.9715

turb.a + turb.b ~ 1.4764

hatchery contribution 1 0.(XM8 0.(Y3.18 0.0162 O.’woo
erru ~~ 6.4903 (3,~950

over-all model p value 0.201:
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Table G8: Analysis of deviance tables for Washougal  references using skgle river

conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source d.f. Deviance Mean Dev. F P R=

To@O= 2.5 11.8235

flOW.a + flow.b ~ 4.3688 2.1844 67395 0.CJ350 0.3695

- 7Z3 7.4547 0.3241

source d.f. Deviance Mean Dev. F P R?

To*.rr ~> 11,8235

spill.a  + spill.b 7 ~,~;~ 1.1372 2.7391 0.0857 I 0.19?24

error 9.5491 0.4152 I

Source d.f. Deviance Mean Dev. F P R2

Tow.m 25 11.8235

OK&a + turb,b . 2.9972 1.4986 3.9351 0.0347 (),335

error 23 8.S263 0.3838

source d.f. Deviancx Mean Dev. F P R=

To&or 25 11.8235

tempt.a + tempt.b ? 2.9096 1.1518 3.:538 0.0388 I o,~461

- 23 8.9139 0.3876

source d.f. Deviance Mean k. F P R?

To% 25 11 .S35

spill ralio 1 1.4511 1.4511 3.35-- 0.0793 0. [ 22:

- 24 10.3:24 0..$322

source d.f. Deviance Mean Da. ‘F P R2

To%. ?J 11.8235

hatchery contribution 1 0.5375 0.53:5 1.1-$3 0.?957 0.0455

error 24 11.2860 0.4:02



Table G9: Analysis of deviance tables for Washougal references using two river conditions
at McNary Darn and obsewed counts, unadjusted for the probability of transportation.

Source d.f. Devimm Mesrr Dev. F P

To@m 2s 11.8235

llow.a + flow.b ~ %36S8

spill.a + spill.b ~ 1.8299 0.9150 3..4159 0.0520

error 21 5.6248 0.26’78

over-ail model p value f).~~~

source d.f. Deviance Mesn Dev. F P

Tota& 25 11.8235

flow.a + flow.b ~ 4.36S8

turb.a + turb.b ~ 0.8518 0.4?59 1.3546 02797

error 21 6.6029 0.31.$4

over-d model p value 0.0124

s o u r c e d.f. Deviance Mean Dev. F P

To~m 25 11.8235

flOW.a + flow.b ~ 4.3688

mmpc.~ + rempe.b ~ 0.6919 0.3460 1.0742 0,3596

- 21 6.7628 0.3220

over-d model p value 0.0156

s o u r c e d.f. Deviance Mean DW. F P

To%.. 25 11.8235

flow.a + flow.b ~ 4.3688

spiU ratio 1 1.9776 1.97?6 7.9437 0.0100

error 5.477 I

over-all model p value o.Cno6

source d.f. Deviancx Mean Dsv. F P

TO-= ~5 11.8235

fiOW.a + flow.b ~ 4.3688

Ixuchety  contribution 1 0.0167 0.0167 0.0495 0.8260

- ~~ 7.4380 0.3381

over-all model p value 0.0153



Table G1O: Analysis of deviance tables for Washougal  references using three river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

source d.f. Deviaoce Mean Dev. F P

To@Om 25 11.8235

fiOW.i3  + flow.b + 3 6.3464
spifl  ratio

turb.a + mrb.b ~ 0.0164 0.0082 0.03CX) 0.9705

en-or 20 5.4607 0273(J

over-aif  model p value o.(n)55

Source d.f. Deviance Mean Dev. F P

T04.. 25 11.8235

flow.a + flow.b + 3 6.3464
spill ratio

tempe.a + tempt. b ~ 0.3177 0.1588 0.6158 0.5501

- 20 5.1593 0.2580

over-all model p value o.C033

source d.f. Deviane Mean Dev. F P

To&= 25 11.8235

flow.a + flow.b + 3 6.3464
spill raIio

hatchery contribution 1 0.0128 0.0128 0.04T. 0.8266

over-all model p value 0.0020
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Table G11: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary  Darn and observed counts, unadjusted for the probability of
transportation.

source d.f. Deviance Mean Ikv. F P R2

ToI%or
~? 68.6817

flow.a + flow.b ~ 24.4271 12.2136 6.8996 0.0341 ] 0.3557

error 75 .$4.2546 1.-702

source d.f. Devisncx >Iean Dev. F P R2

ToW.. 7--, 68.6817

spifl.a  + spilf.b ~ 2:.S558 13.92-9 8.5288 0. CY115 0.4356

error 25 40.8259 1,6330 I

Source d.f. Deviance Mean DIN. F P R2

Totz&n ?--. 68.681:

turb.a + turb.b ? ?3. j--j 11.:888 6.5342 o.m52 I 0.3433

al-or 25 45.10$1 1.8042 I

source d.f. De% ianc-e Wan  Dev. F P R=

ToG&.rr 7--. 68.681-

tempt.a + tempe.  b 2 1.7.t08 O. 8X)4 0.3251 0.-255 0.0253

- 25 66.9-to9 2.67:6 I

source d.f. Kkvianee \lean  Dev. F P R :

To% -!--. 68,681 -

spill ratio 1 25.8368 25.8368 15.6788 O. CCM)S I 0.3762

- 26 42.8449 1 .64-Q

source d.f. Dev imce Mean  Dev. F P R=

To- 7--’ 68.681 -

hatchery contribution 1 23.7957 21795- 13.-835 O.CO1O 0.3465

- 26 44.8860 1 .;?@
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Table G12: Analysis of deviance tables for Tanner Creek references using two river

conditions at McNary  Dam and observed counts, unadjusted for the probability of
transportation.

Source d.f. Oevianee ,Mesrr Dev. F P

Tota& 27 68.6817

spill ratio 1 25.8368

flOW.a + flow.b ~ 0.0995 0.M98 0.02?9 0.9725

error 2.4 42.7454 1.7811

over-alf model p value 0.0089

Source d. f. Deviance Mean Dev. F P

Totalm= ,--, 68.6817

spilf ratio 1 25.8368

turb.a  + turb.b ~ 1 s.no5 9.3652 9.3208 O.W1O

error 2.$ 24.1144 1.0048

over-all model p value 1.16x10=

Source d.f. Deviamz Meao Dev. F P

Tot&O= ~- 68.681:

spill ratio 1 25.8368

tempt.a + tempt. b . 10.3112 5.1556 3.8033 0.0367

error 24 32.5336 1.3556

over-al model p value 0.0004

Source d.f. Devia.ocs Mean Dev. F P

To& ~- 68.6817

spill ratio 1 25.8368

hatchery contribution I 14.5298 1.$.5298 12.8287 0.W14

errs’ 25 283151 1.1326

over-all model p value 1.55X1045
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Table G13: Analysis of deviance
conditions at McNary  Dam and
transportation.

tables for
observed

Tanner
counts,

Creek references using three river
unadjusted for the probability of

source d.f. Deviance Mean Dev. F P

Tok&= ~~ 68.6817

spill ratio + 3 44.5673
turb.a + turb.b

flow.a + flow.b ~ 1.4559 0.7280 0,7068 0.5041

over-all model p value 0.030 I

source d.f. Dev iaoce Mean  Dev. F P

spill rmio + 3 44.56:3
turb.a  + turb.b

tempt.a + rempc.b ~ 8.5874 .$~937 6.083: o.w)-~
- 72 15.5270 0.7058

over-all model p value 1.:9xlo~

Source d.f. Deviance \imIl Dev. F P

Total w m
7--, 68.681:

spill ratio + 3 .U.56?3
turb.a + turb.b

hatehe~ contribution 1 2.5-$82 2.S.$82 2.- I-6 0112s

error 23 21.5663 0.93--

over-all model p value 1 46110’)5



Table G 14: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and observed counts, unadjusted for the probabihty of
transportation.

Source d.f. Deviance Mean Dev. F P

Tota& ~~ 68.6817

spifl ratio+ 5 53.1547
turb.a + turb.b  +
tempt.a + tempt. b

flOW.a + Ilow.b 2 0.6839 0.3419 0.4608 0.6373

- 20 14.8431 0.7422

over-ail model p value I.83x10 45

Source d.f. Eevianee :Mean DIN. F P

spill ratio + 5 53.1547
tuba + urb.b  +
tempe.a + tempe.b

hatchery contribution 1 0.4875 0..$875 0.6807 0.4186

error 21 15.0395 0.:162

over-all model p value 5.46x 1OW
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H1

H2

H3

H4

H5

H6

Hi

H8

H9

H1O

HI 1

H12

H13

H14

Appendix H: ANODEV Tables for Model (4)

T~

Grays River reference. using single river conditions and adjusted observed counts.

Grays River refemxe using two river conditions and adjusted obsewed  counts.

Bomeville  Brights reference using single river conditions and adjusted observed counts.

Bonnedle Brights reference using two river conditions and adjusted observed counts..

Bonneville Brights reference using three river conditions and adjusted observed counts.

Cowlitz reference using single river conditions and adjusted observed counts.

Cowlitz reference using two river conditions and adjusted observed counts.

Washougal  reference using single river conditions and adjusted observed cm.uts.

Washougal reference using two river conditions and adjusted observed counts.

Washougal  reference using three river conditions and adjusted observed counts.

Tanner Creek reference using single river conditions and adjusted observed counts.

Tanner Creek reference using two river conditions and adjusted observed counts.

Tanner Creek ~ference using three river conditions and adjusted obsemxl counts.

Tanner Creek reference using all four river conditions and adfisted  observed counts.

194

195

196
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198
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200

201

202

203

204

205

206

207

●
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Table HI: Pmalysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Devian02 Mean Dev. F P R~

Totalmfi 17 20.4555 I

Row.a + flow.b ‘2 6.5468 3.2734 3.5303 0.0554 I 0.3201

error 15 13.9Q87 0.9272 t

source d.f. Deviance Mean Dev. F P R2

Tot&= 17 20.4555

spill.a + spill.b ~ 5.7999 2.!X)OO 2.9681 0.0820 I 0.2835

erml- 14.6557 0.9770 I

Sourcx d.f. Deviance %fean Dev. F P
~~

To[&O= 1: 20.4555

rurb.a + nwb.b 2 5.9286 29643 3.0608 0.0768 ] 0.2898

error 15 14.5269 0.%85 I

Source d.f. Deviants Mesm D&’. F P R2

Tot&O. 1- 20.4555

tempt.a + tempt.b 2 11.31% 5.6598 9.~9~6 0.0324 0.5534

- 9.1359 0.6091 I

source d.f. Deviarw \fean  D&’. F P R>

Tot&. 1- 20.-1555

spill ralio 1 5.8557 5.855- 6.41:3 0.0221 I 0.2863

error 16 14.5998 0.9125 I

source d.f. De. ianm kfean Dev. F P R2

TOK&= 1: 20.4555

hatchery cam-i  butioo 1 1.5692 i .5692 1.329$ o.~659 0.0767

m 16 18.8864 1.1804
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TableH2: Analysis of deviance tables for Grays River references using two river conditions
at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviamx Mean Dev. F P

To&&m 17 20.4555

tempt.a + tempt.b ~ 11.3196

spiU.a + spill.b ~ 1.3667 0.6834 1.1435 0.3488

error 13 7,7691 0.5976

over-all model p value 0.0093

soul-(x d.f. Deviancz Mean fk, F P

To% 17 20.4555

tempt.a + tempt.b ~ 11.31%

turb.a  + turb.b ~ 2.4364 1.2182 2.3638 0.1332

error 13 6.6996 0.5154

over-all model p value 0. CK)38

source d.f, Deviance >lean Dev. F P

Tora& 17 20.4555

tempt.a + tempt.b ~ 11.31%

flow.a + flow.b ~ 1 .-(M6 0.8823 1.5561 o,~78

error 13 0..5670

over-all model p value 0,0068

source d.f. Deviance Mean Ik F P

To%w 17 20.4555

tempt.a + tempt.b 2 1131%

spilf ralio 1 1.1360 1.1364) 1.9881 (). I no-l

error 11 -.9s9 0.5-14

over-all model p value 0.(X)36

source d.f. Deviance Meal Dev. F P

Tora&n 1 ~ 20.4555

tempt.a + tempt.b ~ 11.31%

hatchery contribution 1 1 .06v. 1.0692 1.8556 0.194-

- 14 8.0658 0.5762

over-all model p value 0.C038
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TableH3:  Analysis of deviance table for B omeville Brights references using single river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

source d.f. Devianee .Mean  Dev. F P R2

To%.. 26 64.8502

ffow.a + flow.b ~ 17.9034 8.9517 4.5763 0.0207 o,~761

error 24 46.9468 1.9561

source d.f. Devian= Mean Dev. F P Rz

TIJK&rr 26 64.8502

spifl.a + spill.b ~ 18.0002 9.OIXI 1 4.6105 0.0202 0.2776

error 2.$ 46.8500 1,9521

source d.f. Deviancz Mean Dev. F P R:

To@orr ?6 64.8502

mrb.a + turb.b ~ 30.7665 15.3832 10.8321 0.0304 0.4744

error 2-! 34.0837 1.4202

Source d.f. Deviancz Mean Dev. F P R2

ToW.. 26 6$.8502

tempt.a + tempt.b ~ 2.9189 1.4594 0.5656 0.5754 0.0450

error ?A 61.9313 2.5805

Source d.f. Deviance >lean  Dev. 1= P R:

TOL&T 26 64.s502

spill raiio 1 14.3855 14.3855 7.1265 0.0132 o~~]8

erro?- 25 50.4647 2.0186

source d.f. Ikviancx Mean Lkv. F P R :

To&m 26 15.1.sm?

hstchery contribution 1 20.s245 20.8245 11.s252 0.0321 0.3211

- 2s 44.025- 1.7610



TableH4:  Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Devianc2 Mean Dev. F P

To% 26 64.8502

Nrb.a + turb.b ~ 30.7665

flOW.a + flow.b ~ 4.9386 2.4693 1.8640 0.1787

error 1.3248

over-all model p value 0.0011

source d.f. Deviancz Mean Dev, F P

Toc&O= 26 64.8502

wrb.a + turb.b ~ 30.7665

spill.a + spill.b ~ 5.5405 17702 2.1352 0.1421

error ~ 28.5432 1,2974

over-all model p value 0.001)9

source d.f. Deviancz Mean Dev. F P

Tot&O= 26 64.8502

turb.a + turb.b ~ 30.7665

tempe.a + tempt.b ~ 8.7382 4.3691 3.7924 0.0384

er-rw Q 25.3455 1.1521

over-all model  p value 0.0003

Sour& d.f. Deviance Mean Dev, f= P

To@Lor 26 64.8502

turb.a  + turb.b ~ 30.7665

spill ratio 1 0.8375 0.837S 0.5?94 0.4543

- ~23 33.2462 1.4455

over-all model p value O.a) I 3

source d.f. Deviance Mean  Dev. F P

Tou&r 26 64.8502

turb.a + turb.b ~ 30.7665

hatchery coorributioo 1 0.6296 0.62% 0.4329 0.5171

- 23 33.4541 1.45.55

over-all model p value 0.C014
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TableI-U: Analysis of deviance tables for Bonneville Brights references using three river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F P

Tota&~ 26 64.8502

turb.a + turb.b  + 4 39.5047
tempt.a + tempt.b

spiU.a + spill.b ~ 4.1104 2.0552 1.9356 0.1704

error 20 21.235 I 1.(M18

over-all model p value 0.0005

Source d.f. Deviance Mean Dev. F P

Tota& 26 64.s502

htrb.a + turb.b + 4 39.5047
tempt.a + tempt.b

flow.a + flow.b ~ 3.?038 1.8519 1.7114 ‘ ().2060

error 20 21.6417 1.0821

over-all model p value 0.0005

Source d.f. Oeviance Mean Dev. F P

Tot&m 26 64.s502

turb.a  + turb.b  + 4 39.5CM7
tempt.a + kmpc.b

spill ratio 1 1.1208 1.1208 0.9716 0.3355

error 21 24.2247 1.1536

over-all model  p value 0.0005

source d.f. Deviance Mean Dev. F P

To*.. 26 64.8502

trm-b.a  + turb.b  + 4 39.5(M7
tempe.a + fempc.b

hatchery contribution 1 0.0169 0.0169 .0.0140 0.9069

error 21 25.3286 1.2061

over-all model p value O/GQ08
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TableH6: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Jkv. F P R2

To% 25 8.7391

flow.a + flow.b ~ 1.9368 0.%84 3.2743 0,0561 i o,~~16

en-or 23 6.8024 o,~958
I

Source d.f. Deviance Mean Dev. F P R2

Tota&= *-2 8.7391

spill.a + spilf.b 9 1.3020 0.6510 2.0133 0.1564 0, 14XI

error ~3 7.43:1 0.3234

source d.f. Devlaocx? MHLn D&’, F P R2

To@w 25 8.:391

turb.a  + turb.b , 2.2360 1.1180 3.95-$0 0.0334 0.2559

error 23 6.5032 0.282: I

source d.f. Devlanm Mean Da’. F P R2

Tota& 25 8.-39 I

tempt.a + !empc.b ~ 0.8:69 0.4384 1.282- 0.2964 0.1003

- 23 7.8622 0.3418 I

Sour= d.f. DevlanlX Mean Dew. F
P R:

To@& 25 8.-391

spill ratio 1 1.1989 1.198Q 3.8159 0.0625 0.1372

error 2J -.5403 0.3142 I

source d.f. DNianm Mean D& F P R=

To- 2S 8,:391

hatchery cookibution 1 1.1421 1.1421 3.6080 0.0696 0.130:

en-a ~ 7.5970 0.3165
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Tab1eH7:  Analysis of deviance tables for Cowl.itz references using two river conditions at
McNary Dam and observed counts, adjusted for probability of transportation.

Source d.f. Deviarm Mean Dev. F P

Tot&= 25 8.7391

furb.a  + turb.b ~ 2.2360

fiOW.a + flow.b ~ 0.4503 o.~252 0.7811 0.4707

error 21 6.0529 0’?88’2

over-all model p value 0.0894

Source d.f. Deviarm Mean Dev. F P

To@O= 25 8.7391

turb.a + turb.b ~ ~.~3&3

spiil.a + spill.b ~ 0.1470 0.0735 (),~.5~9 0.7865

error 21 6.3561 ().3027

over-all model p value 0.1365

Source d.f. Dev iamx Mean Dev. F P

To%m 7.J 8.;391

furb.a  + turb.b ~ ~,~3&3

tempt.a + tempt.b . 0.921: 0.4608 1.:339 (32009

error 21 5.5815 02658

over-all model p value o.m33

Source d.f. Deviarxx Mean Dev. F P

To@orr 7J 8.-391

nrrb.a  + turb.b 2.23602

spill ratio 1 0.0167 0.0167 0.0567 0.8139

error . .. - 6.4864 o~948

over-all model p value 0.0821

Source d.f. Deviance Mean Dev, F P

Tota& 25 8.7391

turb.a + turb.b ~ 2.2360

hatchery conwibution I O.(kl 13 0.0413 0,1-$06 0.7113

- 22 6.4619 &~937

over-all model p value 0.07W
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TableH8:  Analysis of deviance tables for Washougal  references using single river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F P R :

To~fi 25 13.0583

flOW.a + flow.b ~ 6.0512 3.0256 9.9313 O.CK)IM  I 0.4634

- z 7.0071 0.3047 I

source d.f. Lkviance Mean Dev. F P
~1

To@w 2.5 13,05s3

spill.a + spill.b ~ 3.5358 1.7679 4.~7(31 0.0265 I o~708

error 23 9.522S 0.4140 I

source d.f. Deviamx lMearr  Dev. F P R2

T040rr 9M 13.0583

turb.a + turb.b ~ 4.0179 2.0090 5.1109 0.0146 I 0.3077

- 23 9.04435 0.3931 I

source d.f. Deviance Mean  Dev. F P R:

To~m 725 13.0583

tempt.a + tempt.b ~ 3.4CK18 1.7(XM .$.04% 0,0311 o,~~

- ~n 9.6575 0.4199 I

source d.f. Deviance Mean Dev. F P R2

To~m 25 13.0583

spill ratio 1 2.6805 2.6805 6.1989 0.0201 I o.~053

error 10.3778 0.4324

Source d.f. Deviamx Mean k. F P R?

To~ 2s 13.0583

Iwchery  contribution 1 0.6759 0.6759 1.3102 o~631 0,0518

error 24 1~,3824 0.5159 I
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TableH9: Aalysis  of deviance tables for Washougal  references using two river conditions
at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dew. F P

Totalcw 925 13.0583

flow.a + flow.b ~ 6.0512

spilh + spill.b ~ 1.4284 0.7142 2.6884 0.0913

- 21 5.5787 o.~657

over-all mOdeI p value 0.0009

source d.f. Deviance Mean Dev. F P

To@m 75 13.05s3

flOW.a + flow.b ~ 6.0512

mrb.a  + turb.b ~ 0.7150 0.3575 1.1932 0.3230

over-all model p value 0.0030

Source d.f. Deviance Mean Dev. F P

Tot&,= 75 13.0583

Ilow.a + flow.b ~ 6.0512

tempt.a + tempt. b ~ 0 . 5 8 2 0 ().Z910 0.9510 0A024

error 64251 0.3060

over-all model p value 0.0037

source d.f. Deviance Mean Dev. F P

To~r 25 13.0583

flOW.a + flow.b ~ 6,0512

spill ratio 1 1.5571 1.5571 63$54 0.0201

over-all model p value 0.0002

source d.f. Deviance Meao Dev. F P

To% 25 13.0583

flow.a + flow.b ~ 6.0512

hatchery cootibutica I 0.0142 0.0142 0.0448 0.8344

er-ror- ~ 6.9.8 0.3179

over-d model p value 0.IXL?9



TableHIO: Analysis of deviance tables for Washougal  references using three river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean  Dev. F P

ToW= ~3 13.0583

flow.a + flow.b + spifl  ratio 3 7.6083

turb.a + turb.b ~ 0.0211 0.0106 0.0389 0,%20

over-all model p value O.(X)21

soul-m d.f. Deviancz Mean Dev. F P

ToWorr 25 13.0583

flow.a + flow.b + spill ralio 3 7.6083

tempt.a + tempt.b ? 0.281 I 0.1406 0.5439 0.58S8

over-all model  p value O.ml-!

source d.f. Devian= Mean  Dev, F P

TO~m 2s 13.05S3

flow.a + flow.b + spill mtio 3 :.6083

hatchery cootibution 1 0.0092 0.0092 0.0355 0.852-$

error 21 5.4408 0.2S91

overall mOdeI  p vslue o. CCQ-
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TableHl 1: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F P R2

ToW= ZT 73.4319

flOW.a + flow.b ~ 28.7538 143769 8.0447 0.CK20 0.3916

error 2s 44.6781 1.7871 I

Source d.f. Deviance Mean WV. F P R:

To@m :: 73.4319

spill.a + spifl.b ~ 32.:892 16.3946 10.0846 0.0M16 0.4465

error 3 40.642s 1.6257

Source d.f. Deviamx Yfean  Dev. F P R~

Tom&O= ?--. 73.43 I 9

turb.a + turb.b ~ 2.5.6CXX 12.8001 6.691X! 0.0047 0.3486

- 3 4:.8318 1.9133

source d.f. Ikviancx Mean  Dev. F P R:

Tot&= z’ -3.4319

tempt.a + tempt. b ? 1.s252 o.91~6 0.31 S6 0.7301 0.0249

error 3 -1.6068 2.s6$3 I

Sourct d.f. Dev iancx .kfean fk. F P R:

To% .--, -3.4319

spilf  ralio 1 30.5813 30.5813 18.5554 0.0J302 0.4165

error 26 42.850- 1.6$81

source d.f. Deviance .Mean De\. F
P Rz

Toqm :: :3,4319

hatchery corrtribulion I 25.0034 25.0034 13..47J7 O.CU)I 1 0.3405

error 26 48.-$286 t
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TableH12:  Audysis  of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev, F P

Totalcm 27 73.4319

spilf  ralio 1 30.5813

flOW.a + tlow.b ~ 0.0854 o.~~~ of)~~ 0.9763

error 724 42.7652 1.7819

over-all model  p value 0.0042

Source d.f. Deviance Mean Dev. F P

Tot&= . 27 73.4319

spill ratio 1 30.5813

turb.a + turb.b ~ 18.7747 9.3874 9.3578 0.0010

error 24 ?4 .0759 1.0032

over-aif model p value 2, WXI0-’O

source d.f. Deviance Mean Dev, F P

To%m ~~ 73.4319

spill ratio 1 30.5813

tempt.a + tempt.b ~ 10.5583 5,2791 3.9235 0.0336

over-all model p value O.(no?

Source d.f. Deviance Mean Lk’. F P

Tou&r -J--, -3.4319

spill ra!io 1 30.5813

hatchery contributitm 1 14.6830 14.6830 13.0318 O.(XI I 3

error 25 28.16T- 1.1267

over-all model p value .a.cUx  10JN
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TabIeH13: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Kkv. F P

spill ratio + turb.a + turb.b 3 49.3760

flOW.11 + flow.b ‘2 1.4894 0.7447 0.79s 0.-$954

error 71 ~~.j 865 1.0267

over-slf  model p value 4.57X1045

SOurce d.f. Deviance Mean Dev. F P

spill ralio + mrb.a + turb.b 3 49.3760

tempt.a + tempt.b ~ 8.5878 4,7939 6.0993 0.0078

- z? 15.4881 0.X)40

over-all model p value 8.58xlo~

Source d.f. Ekwiance Mean  Dev. F P

TO%= 27 73.4319

spill ratio + turb.a + mrb.  b 3 49.3760

hatchery contribution 1 2.6108 2.6108 2.79?5 (). 10s0

error 7-J 21.4651 0.9333

over-all model p value 6.58x lo4~
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TableH14:  Analysis of deviance tables for Tanner Creek references using all four river
conditions at McNary Dam and observed counts, adjusted for probability of @ansportation.

source d.f. Deviance Mean Dev. F P

Tma& 27 73.4319

spill mlio + turb.a + turb.b  + 5 57.9438
tempt.a + tempt.b

fiOW.~ + flow.b ~ 0.7105 0.3552 0.4808 0.6253

error 20 14.’7776 0.7389

over-all model p value 9.33x lo-@5

Source d.f. Deviance Mean Da’. F P

To&O= 7--. 73.-$319

spill rslio + turb. a + turb. b + 5 57.9438
tempt.a + Iempc.  b

ha[che~ mrrtri  bution 1 0.4988 0.4988 0.6988 0.4126

error 21 14.9893 0.7138

over-all model p value 2.7oxlo~
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Appendix I: ANODEV Tables for Model (5)

Tab e of1 Tables

Grays River reference. using single river conditions and unadjusted VPA counts.

Grays River reference using two river conditions and unadjusted VPA counts.

Grays River reference using three river conditions and unadjusted VPA counts.

Bonneville Brights reference using single river conditions and unadjusted VPA counts.

Bonneville Brights reference using two river conditions and unadjusted VPA counts.

Cowlitz reference using single river conditions and unadjusted VPA counts.

Washougal  reference using single river conditions and unadjusted VPA counts.

Washougal reference using two river conditions and unadjusted VPA counts.

Tanner Creek reference using single river conditions and unadjusted VPA counts.

Tanner Geek reference using  two river conditions and unadjusted VPA counts.

Tanner Geek reference using thee river conditions and unadjusted VPA counts.

Tanner Geek reference using four river conditions and unadjusted VJ?A counts.
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Table 11: Analysis of deviance tables for Grays River references, using single river
conditions at McNary  Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviancx Jkfean Dev. F P
~z

To~m 17 18.9Q56

flow.a + flow.b’ 2 3.5333 1.7666 1.7239 0.2119 0.1869

error 15 15.3723 1.0’248

source d.f. Deviance Mean  Dev. F P R~

To~n 1 ~ 18.9056

spill.a + spifl.b 7 3 .4%7 1.7484 I .7020 (3~157 0.1850

en-or 15 15.4089 1.0273 I

source d.f. De$ianct Mean Dew. F P R2

Total_ 17 18.9056

turb.a + turb.b ~ 3.3469 1.673-! 1.613-I (3~19 0.1770

error 15 15.55X: 1.0372

source d.f. Deviamx Mean Dev, F P R :

TotalCOn 1: 18.9056

tempt.a + tempt.b . 6.--80 3.3890 J.191- 0.0358 0.3585

en-w 15 1:.12:6 0.8085

source d.f. Deviance \lean  Dev. F P R:

Tow&T 1: 18.9056

spill ratio 1 3.1-98 3.1-98 3.2352 0.0910 0.1682

error 16 15.7259 0.9829

source d.f Deviaru Mean Dev. F P R :

To@m 17 18.9056

hatchery contribution 1 4.1552 4.1552 4.5071 0.CM97 I 0.2198

- 16 14.7505 0.9219 I

a. “a” ending indicates the intercept. “b”’ indicates the slope of the linear regression for that vari-
able.
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Table 12: Analysis of deviance tables for Grays River references using two river conditions
at McNary Darn and vpa counts, unadjusted for the probability for transportation.

Source d.f. Deviance Mean Dev. F P

To%= 17 18.9056

temp.a + temp.b ~ 6.7780

spifl.a  + spill.b ~ 1.3313 0.6656 0.8015 0.4696

- 13 10.?%3 0.8305

over-all model p value 0.0993

soul-w d.f. Deviancx Mean Dev. F P

Toqw 17 18.9056

temp.a + temp.b ~ 6.7780

turb.a  + turb.b ~ 1.1569 0.5784 0.6855 0.5212

error 13 10.9707 0.8439

over-alf  model p value 0.1084

Source d.f. Deviance Mean Dev. F P

Tot&= 17 1 S.9056

tempt.a + tempt.b ? 6.7780

fiOW.a + ftow.b ~ 1.6108 o.8Q5.i 0.9955 0.3960

- 13 10.5168 0.8090

over-all model p value 0,0858

source d.f. Devianee Mean Lkv. F P

Tota& 17 18.9056

temp.a + temp.b 2 6.-780

spilf  ralio I 0.93 I 3 0.9313 1.1645 o,~98~

error l-a 11.1%3 0.-99:

over-d model p value 0.0556

source d.f. Deviamx Mean  D&. F P

To% 1 ~ 18.9056

temp.a + temp.b ~ 6.7780

hakhery emm-ibwioo 1 3.5%1 3.595 I 5.898- 0.029?

en-or 14 8.5325 O.ms

over-all model p value 0.C093
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Table 13: Analysis of deviance tables for Grays River references using three river conditions
at McNary Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean ~V. F P

Tow&m 17 18.%6

temp.a + temp.b + 3 10.3731
hatche~ contribution

spill.a + spill.b ~ 1 .~~ 0.6450 1.0686 0.3740

errs 1? 7.2426 0.6036

over-alf  model p value 0.0256

Source d.f. Deviance Mean Dev. F P

To%.. 17 18.9056

temp.a + temp.b + 3 10.3731
hatchery contribution

turb.a + turb.b ~ 1.0656 0.532s 0.8563 0.449 I

- 12 7.X569 0.6222

over-all model p value 0.0300

source d.f. Devianee Mean Dev. F P

To%.. 17 18.9056

temp.a + temp.b + 3 10.3731
hawhery  contribution

flow.a + flow.b ~ 1.1180 0.5590 0.9CM7 0.4306

error 12 7.4146 0.6179

over-all model p value 0.0289

source d.f. Deviance Mean Dev. F P

Tom&fi 17 18.9Q56

temp.a + temp.b + 3 10.3731
hatchery contribution

spill ratio 1 0.8887 0.8887 1.5115 ().~(y~

error 13 7.6438 0 . 5 8 8 0

over-all model p value 0,0135

No further information is gained by adding more river conditions to the regression.
The best model for the Gray’s River-Priest Rapids comparison is temperature+ hatchery
contribution.
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Table 14: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Darn and vpa counts, unadjusted for the probability for transportation.

Source d.f. Devianm Mean Dev. F P R~

To~m 26 63.6718

flOW.a + flow.b ~ 12.69911 6.3495 2.98% 0.0693 0.199$

- 24 50.9728 ~. 1~39 1

Source d.f. Deviance Mean Dev. F P R?

To@om 26 63.6’718

spill.a + spill.b ~ 15.0882 7.5441 3.7267 0.0390 I (),~370

error 24 48.5837 2.0243 I

Source d.f. Deviamz Mean Da. F P
~z

ToW.. 26 63.6718

turb.a + turb.b ~ 28.8177 14.408S 9.9217 0.0007 0.4526

error 24 34.8542 1.452.3
I

source d.f. Deviance JMean  Dev. F P RI

Toc&n 26 63.6718

Iempc.a + tempt.b ~ 4.5430 n715 0.9220 0.4114 0.0714

error 24 59.1288 24637 I

Source d.f. Deviance Mean Dev. F P R2

Toc&n 26 63.6718

spiff ratio 1 10.6766 10.6766 5.0366 0.0339 I 0.1677

error 25 52.9953 2.1198 t

Sourcx d.f. Deviarm Mean h. F P

Tota&= 26 63.6718

hachery contribution 1 27,2348 ~7.~8 18.6862 0.CMX)2 0.4277

error 25 36.-$370 1.4575 I
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Table 15: Amalysis  of deviance table for Bonneville Brights references using two river
conditions at McNary  Darn and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Da. F P

Tou&,r 26 63.6718

hatchery contribution 1 27.2348

spill.a + spifl.b ~ 3.4267! 1.7131 1.1936 0.3212

- ?-J 33.0108 1.4353

over-all model p value O.tx)lfl

Source d.f. Deviance Mean fkv. F P

Tota&= 26 63.6:18

hatchery contribution 1 27.2.348

tempt.a + tempt.b ~ 3.3979 1.6990 1.182- 0.3244

error 23 33.03’?1 1.4365

over-all model  p value 0.0315

Source d.f, Deviamx Mean Dcv. F P

Tot&m 26 63.6:1 S

hatchery conuibutmn I 2:.2348

ffow.a + 130w.b -1 2.3438 1.1719 0.-906 0.4655

error 2.3 34.0932 1.4823

cwer-aff  model p value 0.0021

Source d.f. Devian@ Mean Dev. F P

To&&m 26 63.6:18

hatchery comribuuon 1 ~7.~348

spiff ra!io I 1.6393 26393 1.8742 0.183-

- 24 33.:97: I .4082

over-afl  model  p value 0.0005

sOurc& d.f. Dev iartcx Mean Dev. F P

To% 26 63.6718

hatchery contribution 1 2:.2348

turb.a  + turb.b ~ 5 .O@’$ 2.5242 1 .8-a% 0.1:99

23 313886 1.3647

over-all model p value 0.0009
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Table 16: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Darn and vpa counts, unadjusted for the probability for transportation.

Sola-ee d.f. Deviance Mean Dev. F P RI

Total cOm
3 1~.lg]()

flow.a + flow.b ~ 0.6181 0.3090 0.6148 0.5494 I 0.0507

error 23 11.5629 0.5027 I

Source d.f. Deviance Mesa Dev. F P R~

To@Om 25 12.1810

spill.a + spill.b ? 0.9874 0.4937 1.0144 0.3783 I 0.0811

error 23 11.1936 0..1867 I

Source d.f. Deviwlce Mean Dev. F P R2

Tou40. ~ 12.1810

turb.a + turb.b ~ 0.892- 0.4464 0.9094 0.4168 0.0733

error 23 11 .X383 0.4908 I

Sour= d.f. Devianw Mean Dev. F P R2

ToI%. 3 12.1810

tempt.a + tempt.b ~ o,~461 0.1231 0.2372 0.-908 0.0202

error 2.3 1 1.93-IQ 0.5189

source d.f. Deviaocx Mean Dev. F P R :

To%.. ~ 12.1810

spill ratio 1 0.692 - 0.69? - 1.44-2 0.240- 0.0569

error 2A 11.4883 0.4:8 - 1

source d.f. Deviance Mean Dev. F P R:

ToL%o. 3 12.1810

hatchery contributica 1 0.4446 0..t-U6 0.939  I 0.3490 I 0.0365

error 24 11.7365 0.4890 t
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Table 17: Analysis of deviance tables for Washougal  references using single river
conditions at McNary  Dam and vpa counts, unadjusted for the probability for transportation.

Source d.f. Devian= Mean Dev. F P R2

Tota l_ 25 14.8628

flOW.il + flow.b ~ 3.3860 1.6930 3.3929 0.0511 I o.~~yg

error 23 11.4768 0.4990 I

SOW-LX d.f. Deviamx Mean Dev. F P R?

Tot&O= 25 14.8628

spilh + spill.b ~ 2.0621 1.0311 1.8526 0.1-95 0.1387

error 23 12.8CK)7 0.5566 I

source d.f. Deviano2 Mean Dev, F“ P R2

Tot&m

turb.a + turb.b

q> 1-$.862s

2.3503

II
1.1752 2.1601 0.1381 I 0.1581

error 23 12.5125 0.5440 1

source d.f. Deviance Mean Dev. F P R:

To@om 25 14.862s

tempt.a + kmpc.b ~ 4.068: 2.0344 4.3348 0.0253 I 0.2 -38

errs 23 10.-94 I 0.4693 I

source d.f. Deviance Mean Dev. F P ~2

Tor&W ~z 14.8628

spilf ratio 1 1.921- 1.921: 3.5639 0.0- I 2 (),1293

error ~. 129411 0.5392

Sourw d.f. Deviaflm Mean DIN, F P R:

To% 25 14.8628

hatchery contribution 1 0.3528 0.3528 0.5836 ().4523 0.0237

errs 24 1-$.5 lCQ 0.6046
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Table 18: Analysis of deviance tables for Washougal references using two river conditions at
McNary Darn and vpa counts, unadjusted for the probability for transportation.

Source d.f. Devianee Mean Dev. F P

Tok-&m 25 14.8628

tempt.a + tempt.b ~ 4.0687

ffOW.il + flow.b ~ 1.0566 0.5283 1.1393 0.339)

error 21 9.7375 0.4637

over-slI model p value 0.0545

Source d.f. Deviance Mean Dev. F P

To%. 25 14.8628

tempt.a + tempt.b ~ %0687

turb.a  + turb.b ~ 0.8450 0.4225 0.S918 0.4249

- 21 9.9491 0.4738

over-afl  model p value 0.0661

Source d.f. Deviwree Mean Dev. F P

To~m 25 14.8628

tempt.a + tempt.b ~ 4.068:

spill.a + spill.b 2 1 .CX342 0.5021 1.07- o.35’S-

error 21 9.%99 ().4662

over-d model p vsiue 0.05-2

Source d.f. Devianct Mew-1 Da’. F P

TOK&= 23 14.s628

tempt.a + Lempc.b ~ 4.068-

spill rstio I 0.4464 o..l-wll 0.9491 0.3405

over-all model p value 0.(M32

soul-.x d.f. Deviance Mean Dev. F P

Tom&m 2s 14.8628

tempt.a + tempt.b ~ 4.0687

hatchety contribution 1 0.0005 0.CO05 O.C4)1O 0.9750

- ~~ 10.7936 0..$906

over-d model p value 0.0661
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Table 19: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary  Dam and vpa counts, unadjusted for the probability for transportation.

sow.% d.f. Deviarm Mean Dev. F P R2

Tom&r 27 67.7441

flOW.a + flow.b ~ 73 ?~ 11.622’2 6.5294 0.(H)52 I 0.3431

error 25 44.$97 1.-MM I

Source d.f. Deviance ‘Mean  Dev. F P R?

Tota& ~: 67.7441

spilh + spill.b ~ 28.9709 14.-4s54 9.3398 0.(M09 0.4277

- 25 38.7732 1.5509

Source d.f. Deviance Mean Dev. F P Rz

TOI&r y 67.7441

turtm + turb.b ~ 24.:6Q() 12.3800 :.ZXM 0.(H)34 0.3655

error 25 42.9!M 1 1.7194

source d.f. Devian& Mean Dev. F P R2

To@m 7--, 6:.?.!41

tempt.a + tempt b ~ 1.0636 0.5318 0.1994 0.s205 o.ol5-

error 2s 66.6S05 26672 1

source d.f. D&lanes Mean D(3V. F P R:

To&m 27 67.7441

spill raio 1 26.0935 26.0935 16.2886 O,(IX)4 0.3852

error 41.6506 1.6019 I

source d.f, Deviance Yiean Dev. F P R:

Tota l_ ~Y 67.7441

error ?6 40.5369 1.5591 I

Page 217



Table 110: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. F P

ToWorr 2? 6?.7441

hatchery contribution 1 27.2072

ffOW.a  + flow.b ~ 14.1704 7.0852 6.4493 o.m57

- 24 26.3665 1.0986

over-alf model p value 3.9oxio-05

Source d.f. Deviancz Mean Dev. F P

hatchery contribution 1 27.2072

turb.a  + rurb.b ~ I 1.4826 5.7413 4.7426 0.0184

error 2.4 ?9.0542 1.~lo6

over-all model p value O.0001

source d.f. Deviancz .Mean WV. f= P

hmchery  conrribtnion 1 ?7 ?0-9-..-.-

temp.a + temp.b 2.35082 1.1754 (),738s 0.48S3

error 24 38.1860 1.5911

over-all model p value 0.IXE9

Sours d.f. Oeviamz Mean Dew, F P

Tom&= 7--, 67.7441

hmchery  comributioo 1 -Y- ?0--!-,.-!-

spill.a + apifl.b 2 16.8241 8.4120 8.5139 0.0016

- 24 73.:128 0.9880

over-aif  model p value 1.!2xlo@

source d.f. Eev iance .Mean Ikv, F P

Tota&,= ~~ 67.7441

hatchery contribution 1 ~~.~-J7  ~

spill ralio 1 16.1347 - 16.1347 16.53cX) O.CKKU

- 25 24.4W- 1 0.9761

over-afl  model p value 286xlo~
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Table 111: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Darn and vpa counts, unadjusted for the probability for transportation.

source d.f. Devianm Mean Oev, F P

Tow ~~ 67.7441

hatchery contribution + ~ 43.3419
spilf ratio

flOW.ii + flow.b ~ 0.8855 0.4-$28 0.4330 0.6537

emu 23 13.516: 1 .W-25

over-all model p value 4.42xlo~s

Source d.f. Devian@ Mean Dev. F P

hatchery contribution + ~ 43.3-$19
spilf ratio

turh + turb.b ~ 6.3:00 3.1850 4.0625 0.0308

error 23 18.0321 0. %40

over-all model  p value 2.31xlo~

Source d.f. Oeviamx >lean  Dev. F P

Tota&r 3--, 6-.:441

hatchery contribution + ~ 43.3419
spill ratio

temp.a  + temp.b ‘1 2.5376 1.2688 1.33’4- ().2s29

error 23 21. W5 0.95(36

over-all model p value 1.98.10+’
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Table 112: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. 1= P

TO~r 27 67.7441

hatchery contribution + 4 49,7119
spill ratio + turb.a + turb.b

flow.a + flow.b ~ o~138 0.1069 0.1260 0,8823

error 21 17.8183 0.8485

over-all model p value 3.38x 1045

source d.f. Deviance Mean Dev. I= P

hatchery contribution + 4 49.7119
spill ratio + turb.a  + turb. b

tempt.a + tempt.b ~ 4.2532 ~. l~j6 3.~411 0.0593

error 21 13.7789 0.6561

over-all model p value 2.61x1O*
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Appendix J: ANODEV Tables for Model (6)

Table of Tables

Grays River reference using single  river conditions at McNary Dam and adjusted VPA counts

Grays River reference using two river conditions at McNary Dam and adjusted VPA counts.

Grays River reference using three river conditions at McNary Dam and adjusted VPA counts.

Bonneville Brights reference using single river conditions at McNary  Dam and adjusted VPA counts.

Bonneville Brights reference using two river conditions at McNary Dam and adjusted VPA counts.

Cowlitz reference using single river conditions at McNary Dam and adjusted VPA counts.

Washougal reference using single river conditions at McNary Dam and adjusted VPA counts.

Washougal reference using two river conditions at McNary Dam and adjusted VPA counts.

Tanner Creek reference using single river conditions at McNary Dam and adjusted VPA counts.

Tanner Creek reference using two river conditions at McNary Dam and adjusted VPA counts.

Tanner Creek reference using three river conditions at McNwy Dam and adjusted VPA counts.

Tanner Cxeek  reference using four river conditions at McNary Dam and adjusted VPA counts.

&g&

222

223

224

225

226

227

228

229

230

231

232

233
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Table J1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Darn and adjusting for probability of transportation.

source d.f. Deviance Mean Dev. F P R2

To% 17 20.4203

tlow.a  + flow.ba 4.9790 2.4895 2.4183 0.1229 I 0.2438

error 15 15.4414 1.0294 I

Source d.f. Deviance Mean Dev. F P R2

To~o= 17 20.4203

spill.a + spilf.b ~ 5.0154 2X77 2.4418 0.1208 I o.~456

error 15 15.-UM9 1 . 0 2 7 0 I

source d.f. Deviance Mean Dev. F P R2

To@m 17 20.4203

turb.a  + turb.b ~ 4-2698 21349 1.9828 0.1722 I 0.2091

error 15 16.1505 1.0767

Source d.f. Devianm Mean Dsv. F P R2

TOK&= 17 20.4203

tempt.a + tempt.b ~ 7.5338 3.7669 4.3847 0.0317 0.3689

- 15 12.8865 0.8591 I

source d.f. Deviance Mean Dew. F P R]

Tota&, I ~ 20.4’203

spill ratio I 4.7010 4.7010 4.7849 0.0439 0.2302

error 16 15.7194 0.9825 I

Source d.f. Deviance Mean Dev. F P R2

To& 17 20.4203

ltatche~ contribution 1 ~.~lq 4.231-$ 4.18~13 0.0577 0.2072

errcx 16 16.1890 1.0118 I

a. “a” ending indicates the intercept, ” .b” indicates the slope of the linear regres-
sion for that variable.
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Table J2: Analysis of deviance tables for Grays River references using two river conditions
at McNary Dam and adjusting for probability of transportation.

Source d.f. Deviance Mean Dev F P

Town 17 20.4203

temp.a + ~p.b ~ 7..5338

spill.a + spill.b ~ 2.0!X)6 1.W53 1,X87 0.3164

error 13 10.7959 0.8305

over-all model p value 0.0645

SOurcc d.f. Deviance Mean WV, F P

To@O. 17 20.4203

lemp.a + temp.b ~ 7.5338

turb.a  + turb.b , 1.(XE6 0.8013 0.9?32 0..$218

error 13 11.2839 0.8680

over-alf  model p value 0.082-

Souree d. f’. Deviance \lean  Dev. F P

Tot&= ~- 20.4203

tempt.a + tempt.b .! ‘.5338

flOW.il + flow.b . ~,J~- 1.2128 1 .5(H o~:g

error 13 10.4608 0.8047

over-all model p value ().0539

source d.f. Deviance Mean Dev. F P

To% *- 20.47X33

temp.a + temp.b ~ :.5338

spill ralio 1 1.6668 1.6668 2.0798 0.1:13

- 14 11.2198 0.8014

over-all model p value 0.[)3.$2

source d.f. Deviance Mean Dev. F P

Totr&m 1- 20.4203

remp.a + temp.b ~ 75338

hatchery contribution 1 3.6053 3.rm53 5..$383 0.03s 1

- 14 9.~81~ 0.6629

over-all model  p value 0.(X)98
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Table J3: Analysis of deviance tables for Grays River references using three river conditions
at McNary Dam and adjusting for probability of transportation.

source d.f. Deviance Mean Dev. F P

Tow&r 17 20.4203

femp.a + remp.b  + 3 11.1391
hatchery umtributiem

spifl.a + Spill.b ~ 2.0399 1 .02@J 1.6902 0.2254

- 12 7,~413 o.&334

over-all model p value 0.0170

source d.f. Deviance .Mean Dev. F P

Tora&= 17 20.4203

temp.a  + temp.b + 3 11.1391
hatchery coritributi.m

turb.a + turb.b 7 1.3(N8 0.6824 1.0344 0.3851

error 1’2 ?.916J 0.65.97

over-alf  model p vafue 0.0?:2

source d.f, Devian~ Mean Dev. F P

Totaf_ 1: 20.4203

temp.a + temp.b + 3 11.1391
hatchery contribution

flOW.i3  + flow.b . 1.8015 0.9008 I .4451 o~~./o

- 12 -.J-9- 0,6233

over-all model p value 0.0202

source d.f. Devianm .Mean Dev. F P

To~n 1: 20..! 203

temp.a + temp.b + 3 11,1391
hatchery confributioo

spiff ratio 1 1.6096 1,~,~ , -?---. .-., 0.1226

- 13 7.6716 0.590 I

over-all model p value 0.008:
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Table J4: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Dam, adjusted for probability of transportation.

source d.f. Oeviance Mean Dev. F P R:

To% 26 66.9975

flow.a + flow.b ~ 15.8562 7.9281 3,7206 0.0391 I 0.0555

- 24 51.1413 2.1309

source d.f. Deviance Mean Oev. F P fl~

To& 26 66.9975

spiU.a + spiU.b ~ 1 8.6%6 9.3483 4.6450 0.0197 (3~79,

en-of B 48.3CX)9 2.0125 I

source d.f. Deviance Mean Dev. F P R :

Tota&= 26 66.9975

turb.a + turb.b ~ 31.3672 15.6836 10.5642 0.(X)05 I 0.4682

- ~% 35.6303 1.4846 I

source d.f. Deviancz Mean Dev. F P R;

TO*= 26 66.9975
I

tempe.a + tempt.b -1 3.%7- 1.9838 0.7554 0.-$80- \ 0.0592

source d.f. Deviance Mean Dev. F P R:

Tota&= 26 66.W5

spill raIiO 1 0.35-$0 0.3540 0.1328 0 .-186 I O.(X353

- 2.5 66.6135 2. ti5- I

source d.f. Dev ianm Mean Oev. F P R:

To%.. 26 66.9%5

hatche~ contribution 1 28.975: 28.%5: 19.0520 0.0C02 0.432.5

- 2s 38.0218 1.5209 I
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Table J5: Analysis of deviance table for Bomeville Brights references using two river
conditions at McNary Darn, adjusting for probability of transportation.

SoU1-@ d.f. Deviance Mean Dev. F P

Totalcm 26 66.9975

hatchery. cormibuti  on 1 28.9757

spill.a + spilf.b ~ 5.1345 2.5672 1.7954 0.1886

error 23 32.3873 1.4299

over-all model p value 0.0Q08

Source d.f. Devianee .Mean Dev. F P

Tota&= 26 66.9975

hatchery. contribution 1 28.9757

tempt.a + tempt.b ~ 3.6208 1.8104 l.~1~ 0.316!

error 23 34.4010 1.4957

over-all model  p value 0.0013

Source d.f. Deviance Mean Dev. F P

To@m 26 66.9975

hatchery.contribute on 1 28.975-

fiOW.a + flow.b ~ 3.6722 1.8361 17~~ 0.3110

- 23 34.3-t% 1.-$935

over-all model p value 0. CH)13

Sour= d.f. Deviance >fean Dev. F P

To* 26 66.9975

hatchety.comributi on 1 2s.9:57

spilf  ratio 1 4. 1-!35 4.1-$35 2.9353 ().()096

ernx z 33.8783 L.-$116

over-afl model p value 0.(X)03

source d.f. Deviance Mean Dev. F P

To@&m 26 66.99i5

hatchery.contribute on 1 28.975:

turb.a + turb.b ~ 5.9569 2.9784 2.136.4 0.1409

emx 72? 32.0649 1.3941

over-all modei p value 0.-
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Table J6: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Dam and adjusting for probability of transportation.

source d.f. Deviarroe Mean Dev. F P R?

Tor&T 25 13.1577

ffOW.a  + flow.b ~ 1.4224 0.7112 1.3939 C@5g3 I 0.1081

error 23 11.7353 0.5102

Source d.f. Deviance Mean EM. F P R:

Tori&,m 3 13.1577

spill.a + spill.b ~ ~.o~38 1.0144 N)964 0.1458 0.1542

error 23 11.1289 0.4839 1

source d.f. Deviance Mean Dev. F P R?

To@o. 725 13.1577

turb.a + turb.b ~ 1.4615 0.7308 1.4370 o>8~ j 0.1111

error 23 11 .6%2 0.5085 I

source d.f. Devian02 Mesn Lk. F P R:

To% 25 13.157-

tempa + tempt. b ~ 0.3674 0.183- 0,3303 ():~~  I I 0.0279

- 3 12.:903 0.5561 I

source d.f. Deviance Mean  Dev. F P

To% 25 13.157:

spill ratio 1 1.5999 1.5999 3.3223 0.0808 0.1216

error 24 11.557- 0.4816

source d.f. Da im~ wan Dev. F P ~:

To% 25 13.157:

hstcheq  contribution 1 0.6541 0.6342 1.357 0.2736 0.049-

- B 12.5035 0.5210 I
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Table J7: Analysis of deviance tables for Washougal  references using single river
conditions at McNary Dam and adjusting for probability of transportation.

Source d.f. Deviance Meao Dev. F P R2

Towom 25 16.2471

flOW.a + flow.b ~ 4.9583 2.4792 5.0511 0.0152 0.3052

error ?3 11.2887 0.4908

source d.f. Deviance Mean Dev. F P R2

To@Om 25 16.2471

spifl.a  + spifl.b ~ 3 .A424 1.7212 3.0916 o.~~ I  0 . 2 1 1 9

error 23 12.8057 0.~567 I

source d.f. Devian@ Mean Dev. .F P
~:

ToG%. 25 16.2.$71

turba + rurb.b ~ 3~~15 1.6107 2.8442 0.0787 0.1983

error 23 13.0255 0.5663

Sour- d.f. Devianm Mean Oev. F P R2

TowILo. 25 16.2471

tempt.a + tempt.b 2 4.6435 ?39]8-. 4.6021 0.0208 o,~858

error 23 11.6435 0.5045 I

Source d.f. Deviamx Mean Dev. F P Rz

Tom&n ?s 16.2471

spilf  ratio 1 33082 3.3082 6.1363 0.0207 o~036

error ?J 12.9389 0.5391

soul-lx d.f. Deviance Mean DeY. F P R2

To% 2s 16.2471
I

hatchery contribution 1 (3.755(3 ofijo” 0.3 82; 0..5420 0.0157

- 24 15.*-O 0.6663



Table J8: Analysis of deviance tables for Washougal references using two river conditions at
McNary Darn and adjusting for probability of transportation.

Sollxe d.f. Deviamx Mean Dev. F P

To% ~15 16.2471

flow.a + tlow.b 2 4.9583

spill.a + spill.b ~ (),~llo 0.1055 (),~ooo o. S203

- 21 11.0778 0.5275

over-all model p value 0.0778

Source d.f. Devianee Mean  Dev. F P

To% 2s 16.2471

flOW.a + Ilow.b ~ 4.9583

turb.a  + turb.b ~ 0.2?24 0.1362 02596 0.7738

error 21 11.0163 0.5246

over-ti  model p value 0,0741

source d.f. Deviancx Mean Ik. F P

Tot&O= 2s 16.2.$:1

flow.a + flow.b ~ 4.9583

temuc.a + temuc.b ~ 1.5605 0.7802 1.6843 o,~9-

error 21 9.:282 0.4632

over-d model p value 0.0939

source d.f. Ikviance \lean  Dev.
~

P

Tota&m 25 16.2471

flOW.a + flow.b ~ 5.9583

spilf  ratio 1 0.1683 0.1683 0.3330 ().56Q-

error ~~ 11.1204 0.5055

over-all model p value 0.03W

source d.f. Deviance Mean Dev. F P

flOW.a + flow.b ~ 4.9583

‘ hatchery cemtribution 1 1.3W1 1.3931 3.0894 0.092-

- 22 9.89$7 0.4499

over-all model p value 0.0110
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Table J9: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and adjusting for probability of transportation.

source d.f. Devisnce ,Mean  Dev. F P RI

flOW.a + flow.b 27.4731 13.7366 7.6167 0 . 0 0 2 6  I 0 .3786

- ~5 45.0868 1.8035 I

source d.f. Oevianee Mean Dev. F P R2

Tou&= 7- 72.5599-,

spill.a + spifl.b ~ 34.0078 17.0039 11.0266 O.m 0.4687

error 25 38.5521 1.5421

source d.f. Dewiance .Mean lkv. F P R:

To% ~~ 72.5599

turb.a + nn-b.b ~ 26.788: 13.3944 :.3159 0.0032 0.3692

error 2s 45.7:12 1.8308 I

source d.f. Deviance Mean  Dev. F P R2

Tot&m 7--, 72.5599

tempt.a + tempt.b ~ 0.933 0.%2 0.16?- 0.850T 0.01Z85
error 25 71.62:6 2.865 I I

source d.f. Deviance Mean Dev. F P R=

TOK&= 7- 7~3599-.

spill ralio 1 30.8~5 30. 8&15 19..?.518 o.o@32 0.4253

- 26 41.6994 1.6038 I

source d.f. Deviance Mean Dev. F P R :

To~r ~~ 72.5599

himchery  contribution 1 28.4976 28.4976 16.815 - O.cxwl o.39?-

error 26 4.$.0623 1.6947 I



Table J1O: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and adjusting for probability of transportation.

source d.f. Deviance Mean fkv. F P

‘ToW.. ‘)) 72.5599

spill ratio 1 30.8605

flow.a + ffow.b ~ 0.0388 0.0194 0.0112 0.9889

error 24 41,(XO7 1.7359

over-all model p value 0.0035

source d.f. Devianee Mean Dev. F P

Toc&m y 72.5599

spill ratio 1 30.8605

turb.a + turb.b ~ 19.9555 9.9778 11.0129 0.0004

error 24 21.7440 0.9360

over-all model p value 1.80XIOQ

Source d.f. Oeviance Mean Dev. F P

To%.. ~: 72.5599

spilf  ratio 1 30.8605

tempt.a + tempt.b ~ 13.8954 6.9477 5.9971 O.lx)-:

error 1.1585

over-all model p value 3.25X10-OS

source d.f. Deviance Mean Dev. F P

y 72.5599

spill ratio 1 30.8605

hatche~ contribution 1 17..$153 17.-$153 17,928: 0.0003

- 25 24.2)4 1 0.9714

over-all model p value l.l4xlo-
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Table J11: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Dam and adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F P

Tota&= 2: 72.5599

spilf  ratio+ ~ 48.2758
hatchery conkibution

flow.a + flow.b ~ 0.843 I 0.4216 0.4136 0.6661

errvr 23 23.4411 1.0192

over-all model p value 2.00X lo~

source d.f. Deviance Mean Dev. F P

Tot&r ~~ 72.5599

spill ratio + ~ 48.2758
hatchery contribution

turb.a + turb.b ~ 6.3226 3.1613 4.0481 0.0312

error ~n 17.9615 0.7809

over-all model  p value 1.03xlo~

Source d.f. Deviance Mean Dev. F P

To&O= 7.-, 72.5599

spill ratio + ~ 48.2758
hatchery contribution

tempt.a + tempt.b ~ 2.6460 1.3230 1.4063 o,~653

error 23 21.638 0.9408

over-all model p value 8.22X10M
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Table J12: Analysis of deviance tables for Tanner Creek references
conditions at McNary Dam and adjusting for probability of transportation.

using four river

source d.f. Deviance Mean Dev. F P

ToG ~~ 72.5599

spill ratio + 4 54.5984
hatchery conrri bulion +
turb.a + turb.b

ffOW.1  + flow.b 7 o~563 0.1281 0.1520 0.8599

- 21 17.:052 0,8431

over-slf  model p value 1.61x10 45

Source d.f. Deviance Mean Dev. F P

TotalCO= 7--, 72.5599

spill ratio + -i 54.5984
hatchery cootributmn  +
turb.a + turb.b

temoc.a + temw.b 2 J.261  - 2.1308 3 X63 0.0582

- 21 13.699Q 0.6524

over-all model p value
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Manuscript Review

1. Identification: Skalski,  J. R., R.L. Townsend, R. F. Donnelly, and R. W. Hilbom
(April 1996) The relationship between survival of Columbia River fall chinook
salmon and inriver environmental factors. Final Report, Analysis of Historic Data
for Juvenile and Adult Salmonid  Production: Phase II. Center for Quantitative
Science, School of Fisheries, University of Washington, Seattle, WA 98195.
Prepared for U.S. Department of Energy, Bonneville Power Administration,
Division of Fish and Wildlife, P.O. Box 3621, Portland, OR 97208-3621. Project
Number 87413-02, Contract Number DE-B17947B035885, Task Order AT79-
89-BP01772.

2. How this review is constructed. The review consists of four parts; specific
comments on the scientific cmtent  of the manuscript, editorial comments,
comparison to past review, and comments written directly on the original copy of
the manuscript which is enclosed. The specific comments are summarized and
a few are elaborated in the letter of transmittal. Please note that the edited copy
of the manuscript is an important pati of the review. For example, problems
encountered in understanding the mathematical notations and definitions of
statistics and parameters are noted directly on the manuscript along with
suggestions for clarification. The order of the specific and editorial comments
follows that of the manuscript.

3. Recommendation. I recommend this manuscript be accepted for publication
with revisions which are discussed as stated in paragraph 2.

Specific Comments
Note that these comments may be in addition to those written on the enclosed copy of
the manuscript and the letter of transmittal.

Introduction

1.1 The relevant background is that the Columbia River basin has been profoundly
altered with respect to the physical attributes ( temperature, flow, geomorphology,  and
many more) which characterize the normative salmon bearing ecosystem. Given the
observations and analyses in the manuscript most of this section seems gratuitous.
Recommend that most of sections 1.1 and 1.2 be deleted. Retain information relevant
to the factors evaluated. For example, the first full paragraph on page 2 looks like a
keeper. Last paragraph before section 1.2 looks like a hold over from Hiibom et al.

1.2 This section illustrates why I munsel  keeping the introductory vecbiage  to a
minimum. The rationale for inclusion of turbidity-which is given here is very weak, and
it is not supported by citations to the primafy  literature. Not that turbidity should have
been excluded, but what, exactly, is the mechanism of mortality associated with
turbidity? Why do juvenile salmon avoid turbidity? What does juvenile emigrant
mortality have to do with turbidity? Junge and Oakley (1966) hypothesized that
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reductions in turbidity in McNary  forebay would-increase mofiality of juvenile salmon
emigrants, and that decreases in turbidity would increase the length of time needed for
emigration because juvenile salmon would hesitate to move during daylight hours in
low turbidity conditions. In the reference section I have included some general and
specific references on mechanisms of salmon migration. In section 3.3.5 the best
rationale for studying flow, temperature and turbidity is given on page 46, top of the
page.

Page 5, para. 1 To what exient are any of the other “independent” variables actually
independent of flow? How can the confounding effects of covariates  of flow be
removed? To what extent is natural mortality in the marine environment related to
broad scale climatic factors which also determine runoff and other water movement
variables? Take care not to trivialize the development of the flow-survival hypothesis.
The version of the hypothesis current in the CR basin, although extremely simplistic, is
consistent with a much larger literature on the role of water movements in the life cycles
of anadromous and catadromous  fishes. Hynes (1970) has a good introduction to the
older more descriptive literature on the ecology of Iotic waters, which the synthesis of
flow survival which Glenn Cada did for the Northwest Power Planning Council did not
include. Note that the NPPC Fish and Wildlife Program has evaluation of the flow-
survival hypothesis as an explicit objective. Citing this would help establish the
relevancy of this work to CR saimon recovery.

Page 5, para 2. The effects of temperature are iikeiy to be cumulative, as weii as acute.
Timing of emergence, stawation, and basic physiological mechanisms such as enzyme
systems, ail function with respect to temperature based on cumulative effects and
thresholds. For exampie see Hoitby et al. 1988 and references cited, and Northcote
1984. Aprii through August might not be the appropriate time frame for temperature
with respect to faii chinook juveniies.  There may be no “right” time period. See the
cover ietter to this review, and commentary iater on. Literature cites are iacking.

Page 5, para 3. Lack of literature citations and incautious seiection  of words makes
this paragraph most unfortunate. Scientists “beiieve”  that spiii is the iowest  mortaiity
route of hydroelectric project passage because tagging experiments invoiving  hundreds
of thousands of marked members have demonstrated it to be so. There are no
estimates of mortaiity  owing to gas bubbie disease based on tagged members, or any
other method, because the extent to which the nitrogen supersaturated water coincides
with the path of the emigrants has not been measured. So the equation of the ievei  of
scientific knowiedge on these two sources of mortaiity,  spiii and GBD, as ‘beiiefs”  is
cavaiier  and inappropriate.

Page 5, para. 3. “Increased spiii is thought to resuit in increased flow, . . . “ By whom?
This is physically impossible, since the route that water takes through a hydroelectric
project has no bearing on the voiume of water per unit time coming down the river,
aithough  the time rate of change in voiume of water can force the project operator to
spiil. Fact: Juveniie saimon downstream movement, including emigration, is deiayed by
hydroelectric projects, especially during times of the day when generation of electricity
is sharpiy  reduced, or stopped, if water is not sent over the spiil ways. Fact: Spiii aiters
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prey fields of predators below dams in ways favorable to juvenile emigrants..
Hypothesis suppofied by empiricism: Provision of spill reduces delay in hydroelectric
project passage, and it provides the highest known project passage survival.
Alternative hypotheses, unsupported by in situ empirical evidence, which question the
value of spill based on negative effects of Gas Bubble Disease, have been advanced,
and should not be discounted. However, the G8D hypotheses are based on in vitro
observations which may, or may not, translate into in situ mofiaiities.  In situ
observations of acute effects of Gi3D in fish handling facilities at dams do not translate
into mortaiity  estimates. in vitro observations of LD-50 in GBD shouid  not be given the
same weight as in situ estimates of mortalities of juveniies  which have passed over spill
ways. Such in situ records integrate the mortalities generated by GBD, as weii as other
factors. This is most definitely not a triviai  point, since credibility depends on
impartiality, and it is not scientifically impartiai  to give equai weight to unequaii y
substantiated hypotheses. Again, if the literature grounding is not avaiiabie  to you, my
advice is to skip it, rather than to risk the appearance of bias. it is reasonable to look at
spiii  in the context of this study because spiii  is an important operational attribute of the
hydroelectric system which may bear on juveniie emigrant survivais,  period.

2. Materiais  and Methods

Page 6- i was surprised not to see any reference hereto the eariier Phase i work by R.
Hiiborn,  M. Pascuai,  R. Donneiiy, C. Coronado-i-iemandez and others cited at this
point. is this not based to some extent on those works?

Page 7, Environmentai covariates. Environmental covariates require definition weil
beyond what is presented here in order to add credibility to the work. Are the
conditions reaily  ambient with respect to the emigrants? This central question is not
addressed. Since so much hinges on the credibility of these physical variabies,  the
iack of effort in this regard is a serious shortcoming. Specific suggestions on each
variable are given beiow, I recommend adding a tabie of weekiy averages @prii -
August) and standard deviations by year with graphs of average over aii years with
95% Cl for each physicai  variabie.  in generai this work is iacking in data summaries
and graphs to support the Resuits section. Suggest using the formats in Appendix A,
pp. 26-35.

Fiow. For exampie, where exactiy, is flow measured at McNary? is it actuaiiy
measured, or is it estimated? Does it contain sampiing  or measurement error, or both?
If so, how much? Where do the Hanford Reach emigrants stafi to experience this flow?
For how iong do they experience it? What proportion of the emigrants experience
which flows? Are flows a surrogate for veiocity?  Do you postuiate  a reiation  among
flows, water veiocity  and fish veiocity?  The foiiowing comment from an earlier review
needs to be addressed in the discussion on this point

Therefore, by picking a fixed time duration over which to
measure the independent variable, informs tion from outside
the time horizon of the event may be inappropriately applied
to explain the event. A s  a  t h e o r e t i c a l  ex~~le, s~p~ose
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that ninety percent of the migration is swept out of the
hydroelectric system by high flows during the first week of
May. Why then should the flows during the rest of May be a
determinant of survival, if mortality factors associated
with the hydroelectric system are responsible for the
observed survivals?

The problem of obtaining measures of flows as they occurred
during the juvenile migration of each tag group, F(g) (Eqn.
2), is part of the general problem of synchrony to which
studies of this nature are subject. It is important to
employ measures of the physical environment that are
synchronous with the migration of the population of
juveniles to which the survival estimates apply.

Where isternperature at hlchla~measured?  Is this a scroll case temperatureor
awater surface temperature? How does this temperature compare to the temperatures
in the river approaching the project, and to the temperatures in the river belowthe
project? What isthespatial  variability intemperature  inrelation  tothespatial vatiabiiity
in distribution offish? Is anything at all known about the spatial distributionof
temperature and its potential impact on emigration rates injuveniies?

Where is the turbidity measured? Howisit  measured? Overwhatspatiai
reference frame does itapply?ls this reiated toturbidities upriver ortothe effectof
impoundment on rates ofsedimentation? (C. Paulsen questioned negative correlation
withflowinTabie7,  page 25: Jungeand  Oakley(1966)  indicated that fvlchlarypoolhad
effectofreducing  turbidities; itisa settiing  pond.).

The addition oftranspoftation  variabie isanexceilent  idea, butnotethe
following. The method of ccmstruction  of the paiintegrates  all ofthe other physical
factors, since these determine the mean and variance of the time distributionof juvenile
salmon abundance at McNary. Hence the transportation variable is necessarily
correlatedwith  the other physical variables, totheextentthey express physical
conditions which are ambient with respect to the emigrants.

Page 13- Selection of stocks for comparison. One wiid or semidomesticated animai
population is uniikeiy  to ever rigorously satisfy the criteria to sewe as a controi  for
another such animai population. Nonetheless, the comparisons are vaiid so long as
the appropriate caveats about the imitations of the data are given. I suggest that
pooling aii the downriver stocks might provide a surrogate estimator of suitabie
geographic resolution for iower-river-estuary-eariy marine effects.

Seiection  of stocks for comparison. Comments from C. Pauisen.
The first comment is that I do not believe there is enough documentation on how

the reference stocks (130meville, Cowlitq etc.) were chosen from the pool of potential
reference stocks. A detailed description of the dat~ including brood years of CWT data
used and recove~  fkactions  in each fishery for each potential reference stock  should be
included. In additio~  more details on selection of tag groups for the reference stocks
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should be included. The selection of reference stocks was a sore point with reviewers of
the earlier draft, and more information is needed to assess the authors’ choice of reference
stocks.

Second, with an eye toward assessing potential methods for fiture  experiments, it
might be instructive to compare different Priest Rapids CWT groups released the same
year, to see if they have similar ocean recovery patterns. For example, in 1987 nine tag
codes were reieased  (from Table C8, p. 63 of the report). If these nine groups do not
have the same ocean recovexy  patterns, it may suggest that desi.ting  tagging, rearing, and
release experiments to isolate the effects of in-river migration conditions may be extremely
dficult.  If one wants to control for ocean conditions by having  tag groups with different
in-river migration experiences be exposed to the same ocean conditions (the premise of
the experiments discussed in Section 4), it would be helpfid  to assess the similarity of
ocean conditions for past releases. A similar comparison could be done for McNary
transport and controi recoveries, to see if transpon afkts ocean recove~  patterns,
Agai~  if it does make a difference, this does not bode well for the design of future
experiments (C. Paulsen 6/14/96).

Pp. 14-15, Eq. 1 seems to be missing  a line or two (C. Paulsen 6/14/96).

p. 15. Need details on the chi-square  homogeneity test (C. Paulsen 6/14/96)

p. 22 Table 4- The EucIidean2  column doesn’t really add anything to the comparison
(C. Paulsen 6/14/96)

Page 25, text and Table 7. The observation that increased flow leads to increased spill
is not particularly informative. Note that spill is positively correlated with flow at a dam
project only at times when flow exceeds the hydraulic capacity of its powerhouse,
except in unusual circumstances such as the Endangered Species Act biological
opinion. At flows below hydraulic capacity, the operator may choose whether or not to
spiii.  The table header needs to indicate the time period over which these observations
were correlated, and the tabie shouid show whether or not each statistic is significantly
different from zero.

Page 25, Tabie 7- Why is it that flow and turbidity are negatively correlated? (CP) is
this a function of where turbidity is measured, e.g. Junge and Oakley (1 966)? (PM)

Page 25, last sentence. Also consider that, due to the way in which flow is measured,
temperature may happen to be a more appropriate measure of water movement which
is ambient with respect to the emigrating juveniies,  than is flow.

Section 3.3.5- There is a logicai  probiem created by the fact that this manuscript is a
re-anaiysis  of a paper that was never pubiished. To avoid having to include Appendix
A in the finai report, i suggest this section be moved to the beginning of the methods
and resuits.

Discussion - There is not a one-to+ne  mapping of the points covered in the paper to
the points presented in the Discussion. Perhaps some of the discussion which occurs
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at the end of presenting the results of each model (1-6, i.e. page 46) couid be moved to
the discussion. Sho~en  the CWT narrative by referencing Phase I documents, and by
moving the descriptive parts to the Introduction. Next move on to discuss the
similarities and inconsistencies of the results of this research to the work of Junge and
Oakley, Raymond, Berggren  and Filardo, Cada, and others.

Editorial Comments

Additional editorial suggestions are written directly on the enclosed copy of the
manuscript.

The use of the construct, “inriver,” which is not found in English, should be replaced by
the word, ambient. For example, the title of the paper would read, “The relationship
between sutvival  of Columbia River fail chinook salmon and ambient environmental
factors”. The use of ambient would distinguish the factors treated in the paper from
larger scale environmental factors such as climatic factors. Suggest doing a global
search in the manuscript for “inriver” to be replaced by ‘ambient”.

Introduction - crunch 1. ~ and 1.2 down to two paragraphs; paragraph one briefly
describing the scientific context by citing Northcote and Howard Raymond’s 1988
NAJFM paper, and the fish and Wildlife Program of the NW Power Councii,  and
paragraph two, describing the history of the Hilbom analysis of hatchery survival data
in the Columbia River basin (see first para. Discussion) , and the first effort to match
these survivals to physical factors.

Methods - Get the original VPA approach (Appendix A) unadjusted for transportation up
front in a box or other separator. Build additional models on to the back of this. This
should be modei 1. There needs to be a section called, “Appropriate physical
measures,” where at least as much attention as has been paid to statistical model
selection is paid to the selection and use of the independent variables.

Results - Get the results obtained by applying the original VPA approach (Appendix A)
unadjusted for transportation (Section 3.3.5) up front in a box or other separator.
Summary data tables and graphics are needed. No need to reproduce the Tables in
the Appendix, but summarize behaviors of the physical variables, survivals, and
hatche~  stats. See specific suggestions above.

Key concerns from a past review

The Scientific Review Group identified a number of concerns in a review made public
early in 1994.1 have examined the manuscript with respect to how well it addresses
these key concerns. The foilowing is a synopsis of the extent to which these concerns
have been addressed.

OUTUNE OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.
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There is yet some improvement to be made in this area. The work applies to flows at
McNary, and this should be made clear in results and conclusions. It may help to show
correlations among Priest Rapids, Ice Harbor and McNary flows.

2. Provide a more rigorous biological description of the populations of salmon
included in the study, and to which the conclusions may apply.

Progress has been made, but there is room for improvement. For example, see
mmments  from Paulsen, above.

3. Address key historical and other references, including alternative explanations
for the data.

Not much progress here. The addition of temperature, turbidity, and transportation
made this task much more onerous, but no less essential. At this late date, it is not
recommended to delay the production of the basic results while this is added.
Alternative approach is suggested above.

4. Carefully examine and document the reason for selecting the downriver
control populations that are used to correct for trends in ex-hydroelectric
survival.

Much progress has been made here, although it is clear that one salmon population will
never be able to serve as a “control” for another, in the classic experimental sense. The
comparisons are valid so long as the appropriate caveats about the limitations of the
data are given. The present analysis takes great pains to understand these limitations.

5. Carefully evaluate the selection of the independent variable representing flow
with respect to its physical and temporal properties.

Progress has apparently made here, however the extent of this progress is only
apparent by careful scrutiny of the data Appendices. Need to acknowledge that the
measures of physical factors available at the dams may not be appropriate surrogates
for ambient physical conditions for the smelts.

6. Focus the paper on flow survival, lending less effort to discussion of
Bayesian statistical methods and general history of the Columbia Basin.

Two steps forward, and one step back. It is not clear what the addition of turbidity and
temperature, which are tightly correlated with flow, really added to the understanding of
the flow survival relationship. The original hypothesis of Hilbom et al. has been moved
into the background, when it should have been the starting point for the anaiysis.  In
retrospect, the Bayesian approach doesn’t look so bad.

7. Correct misstatements
Much progress here. Basic understanding of the hydroelectric system is much
improved.
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Appendix K2: Responses to Peer Reviewers’ Specific Comments

Responses to the peer review by Dr. Phillip Mundy have been numbered to correspond to his

numbered comments.

Specific Comments

Introduction

1.1: This manuscript has been written for a vast array of potential readers, not all of which maybe

familiar with the Columbia River history as Dr. Mundy.

1.2: The mechanisms associated with any environmental factor ue uncertain, no more so for tur-

bidity than the other factors examined in this report.

page 5, para. 1: Annual plots of the ail the environmental variables investigated in this report

were added for a visual comparison. Tlough  a statistical correlation exists between flow and the

other covariates,  and with each other, there is considerable within-covariate variation, as shown in

Figures 1-4. By using a step-wise procedure to build up the model one covariate at a time, any

confounding effects of flow would be indicated by the process. Further study involving interaction

terms between flow, temperature, etc. would be needed. Interaction terms were not included here,

due to the sheer number of models which were explored--with six explanatory variables, there are

720 combinations, and with five reference hatcheries, the analysis increases to 3600 models.

Additionally, there were six different approaches (with and without adjustment for the probability

of transportation), for a total of 21,600 models to analyze using just the main effects. The goal of

this study was to choose lower river stocks to control for the muine  effects, so that any natural

mortality which may be related to the same broad scale climatic factors also affecting the covari-

ates investigated in this report should not matter, equuy  affecting both up- and down-river stock.
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page 5, para. 2: This paragraph has been modified to include more citations and responses to the

suggested literature and other sources in regards to temperature and its effects. The temperature

was not based on a fixed calendar date, but on the 28-day period following the release of the juve-

niles into the river, to better characterize conditions actually experienced by the juveniles.

page 5, para. 3: Citations have been added, and the paragraph modified to reflect literature find-

ings.

page 5, para. 3: Additional concerns of different hypotheses have been addressed.

2. Materials and Methods

page 6: Reference to earlier Phase I work has been cited in sections describing the Vitual  Popu-

lation Analysis and the GLINI analysis methods.

page 7: Additional characterizations of the environmental covariates  have been added to the

report (Figures 1-4, 6 and Table 1). Figures 1-4 are average weekly measurements of flow, spill,

turbidity, temperature. Table 1 contains monthly average and standard errors of the environmental

covariates. Fig. 6 is a graph of the annual total biomass contributed by hatcheries to the Columbia

River, as calculated by Claribel Coronado- Hemandez (personal communication). In regards to

more details about the river data used in this analysis, the source is referenced on pg. 7, para.  3

(United States Army Corps of Engineers (USCOE) Annual Fish Passage Reports, 1976-1989).

Measurement and sampling error were unavailable, and me likely candidates for a research paper

devoted solely to that topic. Further discussion of the possible relationship of each river covariate

to adult survival has been included in the data section (2.1) to warrant its inclusion in the analysis.

Hanford Reach emigrants were not part of this study, only releases from Priest Rapids were used.

The problem of synchrony and a partial solution is discussed in the methods section,

page 11.

The impression of negative correlation of turbidity to flow is due to the way turbidiiy  is

measured at McNary Dam. Using a secchi disk, a higher measured value (in feet) indicates less
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turbidity (the disk was visible at a greater distance through the water). Therefore, a negative corre-

lation means that higher flows are associated with greater turbidity (and smaller measurements),

and vice-versa.

page 13: Due to the length of time involved in this analysis, the suggestion of pooling of the

downriver stocks into one group was not looked into. This would be an interesting avenue to

explore.

Selection of stocks for comparison: Starting with all fall chinook CWT-tagged stocks on the

river, selection of potential comparison stocks were based on the following criteria: 1) release

dates: generally spring released stocks; 2) developmental stage: similar to Priest Rapids stock; and

3) production and/or index stocks (no experimental stocks). A matrix of the fraction of stock

recovered by age and location were analyzed using SPSS cluster analysis. Brood years, recovery

fractions and tag identification codes for the final reference stocks used in the analyses are listed

in Appendix C.

page 14-15: Equation added back into the document.

page 15: Additional information added about the chi-square  homogeneity test (See “3. 1.2 Ocean

Distribution Analysis” on page 27.).

page 22, Table 4: Euclidean2 column removed.

page 25, text and Table 7: Table headers now include time periods of cov~iate co~elations.  Ml

three correlation tables now have an indicator of significance (a c 0.05) of correlation different

from zero, calculated using the Pearson’s product moment correlation coefficient test.

page 25, Table 7: Flow and turbidity appear to be negatively correlated, as turbidity is measured

by secchi  disk, which records the distance of visibili~.  Higher turbidity is indicated by lower val-

ues, the opposite of flow, which is recorded as cubic feet per second.
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page 25, last sentence: Temperature may be more of an important factor than the other river

covariates  used in this analysis, and thus its inclusion in many of the models. The sentence com-

menting on temperature correlation was removed, due to the fact that though the correlations are

less than other factors, they are still significant after applying the Pearson’s product moment cor-

relation coefficient test for difference from zero.

Section 3.3.5: In order to publish the analysis quickly, it was decided that it would be better to

incorporated the previous manuscript as an appendix (Appendix A) due to logistics of word-pro-

cessing, editing, etc.

Discussion: The Discussion section has been edited to remove the redundancy noted, and be more

to the point on the finding of this analysis. Comparison of results to other studies is not appropri-

ate in this case, as any seeming relationships determined in the covariates to survival are

questionable, due to the inability to sufficiently account for marine effects.
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